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Oral Reading: 
Does It Refleet 

Decoding or Comprehension? 



Joseph K, Danks 
Ramona Fears 

Kent Stale University 



How do most elementary school teachers determine whethera child can read? 
It is likely that the teacher hands the child a book at the child's estimated 
reading level and asks the child to read, That the reading is to be aloud is 
"^l^.'^;'^''.''"' underst(3dd iinplicitly by both teacher and child, What . 
reading activity is commonly found in most traditional lower-elemcntary- 

individually or in unison. Oral 
reading provides ihe teacher with a quick evaloaiioii of each child's progress 
and provides the child with practice on at least some aspects of reading. 
Although oral reading is a widely used procedure, wc lack well-developed 
theories concerning what specific components of the reading process are 
assessed and what reading skills are developed by oral reading; 



TWO HYPOTHISES ABOUT ORAL READING 

A general model of reading that is commonly assumed jjfdpbses thit print 
input is first decoded into a phonological code "that has most of the 
characteristics of an oral \'erbal input. This code isthencomprchended by the 
usual routines of language cbmprehiinsibn that the child has developed for 
speech. These two stages of reading are usually seen as discrete stages that can 
, .l'"^.^P^."^^"'!5 ■ Il^is assuiiiptidn has led to a djvision of reading 
iwtruction into tcaciiing decoding aild comprehension. Decoding depends 
4 , • . J"'y ™"'"ia'ly on comprehension, although some invc.*»igators posit 

"downstream" effects on the basis of lop-down models of comprehension. 
For example, a major aspect of Goodman's (1967) informed-guessing model 
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pr.d«.«i„i,i « » *" oral 

hasis of the phono L lsH^, ' ' '"'"^'^l °" 'he 
to serves S ' ^ ^ 

comprehension mighi progress in p r M V ''^ 
•nuch later than the oral 1 1^1 "^ ^'"^ 

herself talk rhiUr! '^' P P«^haps as the reader hears him- or 
ncrselltalk.Chddrensometimesimitatespeechwithoutrnmnr.1,,^- 
« would not seem unreasonable th.. . ^ ' ■ "^'L^™^^^^^^^^^ 

productiononthcba i 0 S 0 ! ^ ^!""^ ^ "^^l 
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.i^^omire^^^^^^ Hypothesis is that oral prodoction is initiated only after 
cDmpreherBion processes have_constructea a semantic reprcsentalidn of the 
message (point B in Fig. 4,1). Oral production is Initiated from thcscmantic 
representation and not from the phbndlojicai code that existed at aii caHicr 
ppintjn the process, In fact the verbal code may no longer exb^ 
which oral production is initiated. The oral production proce,« beginning 
With the semantic representation resembles sentence production in its 
essential components, A speaker has an idea to express, and he of ik 
translatesthatidcaintolingiisiticformandthenexprK^^^^ Inoral 
jading, the semantic representation of the printed message constitutes the 
idea that serves as the input to the production process 
^ Th«e two hypotheses represent classes of hypotlieses, with variations 
^pending on the specific conceptions of decoding, cotnprehensidn. and 
sp«ch production. For example, comprehension is described as if it were a 
s.^cprocesswi^afixedbeginninp 

n^bcaloosecollectionofprocessingstrategiesratherthanasinle^^ 
Iposs^Wdnsinthesetwodass^ 

evident. For the moment, they serve as convenient touchstones for 
conceptuazmgthequestionofhowomlproductiontnes 

types of readers that appear to embody each hypothesis. 



Callers 



fflS^-^? I'""'" "^^ ^ ^"ding disabled 
"^^t uo,rf coUen (Smith. Goodman. & MerSith. 19 6). Th«e 
^ch^drenwocanreadaloudbut 

«ad, 0 e would assume on the basis of their oral reading performance tfe 
^er.a^,How.e, whenthey are tested ^rco 

« .Wor calersundcrstpndmgisnm^ 

r«s,lently,AJthoughjtisnot clear whalthevaredoingwhcnthc^^^^^^^^^ 
n.^»th,nsta^ 

S^o je problem is not that their normal comprehension process is disrumed 

^^eadd.on|ta.NfhavingtoreadaIoud,lntcrmsoLrg^S 
ca^. suppon the decoding hypothesis in tLhe'^ 



FIG. 4,1. T«o hypotheses about oral reading pcrf 



orniancc. 



^ At dne time or another, many adults have had the cxnerienc. nfr..^. 

^"d without comprehending; When learning a t S 
^o^pthroughafjase 

■"'incuh text likea philosophictreatise, one might read it aloud to allow tnore 
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tif^ to think aboi what is being sail but stili might not understand what is 

wr.tte.lisc.rnspossible.ihen.thauianeaHypo^ 

.omc beg-M^^^^^^^^^^^ be able ,o read sloud on the basil of their 

oecoamg Skills but not comprehend the message. 

. Jhere is considerable dispute, however, over whether wo"rd callers reallv 

( 973) claimed that retnedialrcadmgclassesarefilledwithyoungstersinlate 
elementary and secondary schools who can sound out w rS^ 

"^ort hat clam.: Other reading specialists claim that the number of true 
w^«^^ ers . exceedmg^ srnall. because children who are labeled "word 
by classroom teachers actually have poor decoding skills or poor 
language comprehension skills, 

What criteria should be considered in classifying a child as a word caller' 
Accord^to t e traditional definition, the child must beable to read aloui 
leasona y well arid not understand what was read. What is meant bv 
.^aW;.^? At minimum, the child must read at close to the typicl rat 
of comprehending readers with about the same number of errors and with 
noanal intonation. There is some question ofwhether word filers can meet 

(Clay&mlach.l97l).ReadingwithaIislintonationisaclearcloeloalackof 
comprehension because decoding punctuation and combining that 
mforniat.on with the meaning of the passage leads to intonation patterns 
«"T 0 speech, What is meant by mdersm^ The ke test is 
wh th^ i^e child can understand the passage if it is presented aurally, if 
adults had the foreign lariguage text or the philosophy essay read aloud they 
would not undeRtand it any better than when they read it themselves, if the 
hild does not comprehend when listening, the problem may be attributable 
to a general language or conceptual deficit rather than to a deficiency in 
r-Mding-specific comprehension skills or in the coordination of decoding and 
comprehcnsldn processes. 

Word callers may be related to a class of children labeled "hyperlexics " 
w^Mre suj^cially similar to word callers in their reading behavior 
(Mehegan & Drcfoss, 1972;Silverberg&Silverberg. 1967. 1968- 1969) The 
common distinguishmg feature is that "they manifested an unusual" and 
premature talent ,n reading [aloud] against a background of generalized 
allure of dev^lopment.ormarkcdimpairm^^^^ 
Meh^&rei^ss 1972,. 1,06^^^^ 
hat fre uently evelops in the preschool years. In addition, they are 
frcqaently retarded, autistic, or hyperkinetic: Perhaps these children 
represent an extreme instance of word calling mixed with an intellectual or 
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iitiotionai disturbaiice: or they may bca qualitat^^ 

qiVeii the disagreements about both word callers and hyperlexics, carefi 

investigations and descriptions of both are needed. 

Dialect SpeaKBfs 

Readers whose oral reading appears to support the coraprehensio 
hypothesis are those whtse oral language dialect is different from the dialo 
of the primers, The most salient example in the United States are childrt 
who speak a Black dialect and learn io read from primers printed in stahdai 
Eiiglish: When asked to read aloud, ihcy produce numerous "errors" in or 
production; that is, their speech does not match the speech that one woii 
expect, bwed on the print. However, their deviations are not arbitrary wi 
respect to themeanini of the text. Many of these "errors" do riOl change tl 
mcaning.of the text biit are a translatidri of the ntssa^ into the rcadei 
dialect.fEds. note: SeeShuy.Voiome i;this5eries,andSimon$;thkvoiumi 

Dialectal variation occurs at all linguistic levels, although phoneir 
raiscues are the most frequent In oral reading(Burke, 1973). Although Bla 
children may "mispronounce" a printed word (e.g.. /roLfpr/poiO, th 
coiiiprehend the ttieaning of the prijited word (Mclmed,.l973). Many oil- 
Black English responses In oral reading arc morphological variations, such 
dropping regular past-tense and third-person singular endings on verbs a 
plural and possessive markers on nouns (RoMn ft Attics. 1972a. 19'^ 
Weber. 1973). Lexical substitutions also disur; for exafflple, iBd^^^ 
aiidgj'm shoes for w» (Burke, TO However^^ 
studies that have reported rases where dialectal variations changed mean' 
mdre than oral reading errors of standard English speakers changed meani 

To translate the text into their oral dialect without a change in mean 
necessitates that Black children first comprcheiid the printed text. A fortij 
they must decode the standard Eiiglish text correctly before cdiripreherid 
it. It is incorrect to claim that these children haVe deficient decodingskllls 
fad, it is inappropriate to label these children as having a reading probb 
TTicy knijw how to read. The Variation in oral reading results from a variat 
ill speech thai is different from standard English: 

At the Very least, oral reading is an inappropriate assessment tool w 
applied to these children unless the "errors" are interpreted in terras of 
child's own dialect. Hunt (1974-1975) scored Black children's response! 
the Gray Oral Reading Test both according to the manual aiid cbrrectihg 
dialectal responses. Shcfpund.an iricrease of oiilyO.I grade level between ' 
two scoring systems, although that difference was statistically signific 
However, the better readers (as defined by the standard scoring of thetest 
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more itafi ii whole grade level; ^ ^ 

tfsini oral reading as an insiroctional device in the cla«rn.n, c 

RESEARCH ON ORAL READING 
ideniification of these two types of reader, .r l 

Wo~« to pro^s,",™ ^""'''' 
Oral fleadiiig Errors 

The classirealioo schmts rtneci ihe iriv«tl«L Ft 
m ,h= Of ,te reffi Tr f"?'"^ 

aw ffipproprS immm »d ph«S if t""^^^^^^^^ 
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graphic^phdrietic similarity arid syntactic-semantic acceptability as %o 
liiaioi" delerliiiiiarits ef oral readirig Jrrors: 

Usirig specially constnicted word lists, Shankweiier and tiberman (1572) 
found that optical confnsability, as exemplified'by reversals of letter sequence 
■ arid orientation, was a much less significant factor in producing bra! reading 
errors than were orthographic factors, such asposition of thcsbiiiid segments 
and phoneme-grapheme correspondences. Initial segmciits were belter read 
than medial or final ones, and consonants were read better than vowels. 
Errors on vowels were predicted by the number of possible orthographic 
representations. 

Usirig word lists as opposed to prose precludes any evaluation of syntactic 
.ind seiTiantic determinants; Shankweiier and tiberman ( 1972) justified their 
use of word lists by the fact that there were significant correlations (averaging 
.70) between error scores on oral reading of lists of words and error scores on 
the Gray Oral Reading Test jn each of four groups of children. They 
concluded that Ihe problems of the begiiiiiiiig reader appear to have more to 
do with the syiith^is of syllables thaii with scahiiiiig of larger chunks of 
connected text [p. 298]." However, since the word list data acCdiii'ted for only 
about 50% of the variance on the Gray Oral Reading Test, cons[dcrablc 
variance remains to be explained by syntactic and sematitic components of 
connected text; Goodman (i965bj reported tSt many words that were 
missed when they appeared on a list of isolated words were read corrccrlj 
when they appeared in a story context. In fact, fii^t graders read 64%, second 
graders read 75%, and.third graders read 82% oT the missed words correctly 
given the syntactic and semantic constraints of the story. 

The teriiiifmamicOTi/ra^^^^ is usually used to refcrtb themeahin^ofthe 
sentence constraining what lexical items might meaningfully complete thi 
sentence. ;^fmaniic msmmRi'&Q m be used to refer to access to th( 
meaning of a word in the lexicon, or "mental dictionary;" Two experiraenti 
with isolated words are particularly relevant. Perfeiti and Hogaboam (1975' 
reported ihat niore skilled comprehenders were more rapid at wcri 
recognition (and pronunciation) than were less siilled comprehenders, evei 
when all words were known to both groups. The different betweei ttii 
pups was larger for iiifreqiierit thari for frequent words, Golinkbff aril 
Rdsinski (1976) iised a somewhat different task in which automatic self liiti' 
access would interfere with the subject^ performance on picture naming 
^^-;^'They found that although lessskilledcomprehendeiswereweakondecoding 
their semantic access skills were not imparied. The results of these two studie 
are iiicbnsistent with respect to whether more r.iid less skilled coinpreiisndeit 
dinerin semantic access. Hbweverj the fact thL'^variation in semantic itcces 
aHiicted naming responses indicates that semantic access occurred before th 
. naming response was initiated. 
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There is some evidencejhat certain types of omi readitig errors niay be a 
partial function of the instmctionai program; The childrett observed by 
BiemtHcr, by Weber, and by Glay were receiving reading instruction in 
meaningremphasis programs. Cohen (1974-1975) anal^ed the oral reading 
errors of first gradere being, taught with a code-emphasis approach; Her 
results were a bit different from Bicmiller's in that she found only i few 
readers who went through ah initial phase of giving contextual responses; 
Instead, most started out in a brief ndnresponse phase. In the next phase, 
these children produced a significant number of nonsense words. Evidently, 
the emphasis on sounding out words arid attempting to prbnoujice them 
induced children to make up words based on the gtaphic stimulus. Fbllowihg 
the phase in which nonsense errors predominated, the childieh began 
producing meaningful word substitutions as the context gained in 
importance. 

It appears that the prilhaiy conclusion to be derived frotn siudis of oral 
trading errors is that readers proceed through the compfthenslon stage 
before^initiating oral production. How else could syntactic and semantic 
^?^"^I'^'"'^^^^^"A^^._P°*^^^^^^ 0" oral reading errors unless such 
^ ^ for skilled adult readers, but it 

Lkb holds for beginniiig readers and for good readers as well as poor readeis. 
Thus, the comprehension hypothttis is substantially correct, an(l wbfd callers 
exhibit a clear reading disability that is qualitatively different from typical 
reading. 

Althoiigh this logic is appealing, we argue that it is incorrect. From thefact 
that a child makes a grammatically and semanlically appropriate error, one 
cannotconclude with certainty that hedrshe has comprehends 
■"^'"'"^ ? ji'j^^'I'i.Of^l production. The child may have 

constructed an interpretation or meaning for the prior text and filled in 
unknown, missing, or unsampled words on the basis of the constructed 
meaning. On some occasions, theconstructed meaningmaybe the same as the 
""eaning, but this correspondence does not necessarily indiiate that 
"'^ '^'''|^_ 'lia' meaning by processing the text word through to its 
semantic representatlDn and then substitutihg a synonym at production. If a 
child accurately comprehended the text prior to inking an error (the 
comprehension hypothesis); then not only would the error be acceptable in 
ihe sentence up to that point: it would be a close paraphrase as well A 
syntactically and scmantically acceptable error is not necessarily a close 
paraphrase. For example, substituting car for cat in "The girl saw the cat run 
across the road'ddes notyield acloseparaphraseof the sentencee 

'^.^y"^3ctially and semantically acceptable, There would be no need to 
f^^'^'^" .«"*'.L''^2!.i5 a close paraphrase, because there would be no 
inconsistency with the remainder of the sentence. However, substitution 
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P ^^^^'^ i<lioiect. The f-iilure to invert the sobjeci.and 
^^^^^l^^^M ^^^^ clauses is characteristicof onestagcln chiidrcn^ 
^.^"'f.'°".°L^'"§^^^^^^ (Wenyul^. 1969). Although the failorc of 
'"^"".°" J°^'^.^yP§!'L nUrsery-schooI children than In iirst 

this particular child-could explain its presence. Although no information 
was reported about this child's idiolect, the example does illustrate that we 
cannot identify any particular level of oral reading error as either an output 
error or a coriteXiual error without a comparison with the child's oral 
language: 

From the fact that a child produces syntactically and semantically 
appropriaieerrorsjn oral reading, the ieachershould not Infer automaticaljy 
that the child is comprehendingand therefore reading adequately, Thesonrce 
of the errors must also be determined. Only after a comparison with "the 
child's idiolect, rather than a comparison with an adiili's responses to the 
same graphic stimulus, can one determine whether the error is a translation 
b^cdonaveridicalsemanticrepresentationoragucss based on the preceding 

Eye-Voice Span 

When moderately skilled readers read aloud, the eycis fixated on the line of 
pnnt somewhat in advance of the word being vocalized. This difference 
(typically measured in words) iscalled theeye-voicespan. Thceye-voicespan 
isinfluencedbyanumbcroffactors-ageandskillIcvelofthercader(Levin& 
Turner, 1968), difficulty of jwrceptual processing (Resnick. 1970), syntactic 
jracture(UvinHapkinJ968J?70;R^^^ 
difficulty of the itiatcn^^^ 

f°^'*'« ^"^.'"Si^^i* Cdhri, 1968). For the current discussion, the most 
important conclusions drawn frorn aiiibhg the studies arc that the eye-voice 
span IS responsive to syntactic struciuit and tends to terminate at phraseand 
clause boundaries. The usual interpretation has been that rcadcre read in 
phrase or clause units. Thereadcr may actively construct a hypothesis about^ 
What IS being read and then lestthai hypothesis against thepririted text Thus 
If reading is an active sampling, constructing, and testing process, then on^ 
would expect hypothesis generation to be defined by syntactic arid semantic 
units. If so, the reader comprehends the material before initiating oral 
production: in fact, it is the semantic representation that permits contct 
continuations after the visual stimulus has been removed from view 

This interpretation of eye-voice span is subject to the same objection that 
we raised to the usual interpretation of oral reading errors. Even if the 

IJc-voicvspanis influenced bythepreccdingconte.xtandcomprehensionof 
me preceding meaning, one docs not have certain evidence that the reader" ' • 
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disruptions (a word that was the correct part of speech but that was 
anoiiialoDS in the context) and syntactic disruptionsjan inversion of one pair 
of «ordsj. Syntactic disruption produced a larger effect on both oral reading 
liaie and oral reading errors than did . the semantic one. Both types of 
disruption had an eflect on oral.readirig, but it is difficult to draw a 
comparative conclusion because there is no comnioji scale on wh[ch to 
cfiinpare the relative magnitudes of the syntacticand semantic manipulations 
(Danks,I969; Doolitig & banks; i975): 

Lazerson (I974-I975) had college students read Caxton's preface to the 
Beydoi (1498); which was printed in Late Middle English with variable 
spellings and an archaic syntactic-semantic system, In some conditions, 
tazerson corrected only the syntax-semantics. to conform with Moderri 
English; in some conditions; both the spelling and the syntax-semantics were 
corrected. Archaic syntax-semantics increased oral reading time, and the 
addition of variable spelling increased it efen more, but there were no 
differences in comprehension, The variable spelling and the archaic 
syntax-semaritics probably affected the performance system but not reading 
comprehension per se. 

In both Siler^ and tazerson's experiments, the disruptions iii oral raiding 
were measured in terms of total time and total errors in reading a passage. 
These overall measures demonstrate that processing involved, syntactic and 
semantic components, but they are too gross to determine whether processing 
occurred before or after oral production had been initiated, If oral reading 
"disfluencies" (i.e., disrujitiiDns) arc iiieasurcd relative to a specific alteration 
in the text, then the point of iniiiatiott of oral production ean be specified 
iiiore precisely. Where the oral reading disflucncy occurs relative to the 
change in the text provides a means of deciding between the decoding and 
comprehension hypotheses; If the Mmq bccuis.beforc the reader has 
uttered the altered part of the text, then the text must have beeti processed to 
that level prior to initiating production. However, if thedisfluericy occurs 
after the altered section has been uttered, then the processing at that level 
occurred much later, perhaps even in response to the Oral output itself. 

Three expeririiehts have iised a more precise procedure of introducing 
specific alterations and measuring oral rea'^'jg disfluencies in the 
immediately surrounding text; These three experiments introduced 
alterations corresponding to three levels of processing-lexical access, 
syntactic and semantic integration,.and intersentence integration, . . _ 
. To determine the effects of disrupting lexical access,^ Miller (1975) 
introduced four types of modifications into paragraphs-infrequent words, 
pronounceable nonsense words with and without syntactic markers, and 
phondtogically impossible sequences. He measured substitution errors in the 
original text surrounding the inserted word;hesitations, incorrect intonation, 
and other performance variables were not measured. In second graders' oral 
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siteration varied iii the paragraplis. Two groups of 10 college s(iideiil$ read 
these passages albiid, and the readings were tape-recorded. Half the passages 
for each group were altered to" produce tlie ihcoiisistehcy, arid half were left 
unchanged. Cdiiiplelneritai^ sets of chariged arid urichafiged passages wre 
presented to the two groups of readers. The intervals bet ween saying rach of . 
the S words preceding and following the critical word in the second sentence, 
as well as the length of time to say the critical word, were measured by playing 
bacic the tape at one-fourth the recording speed. Because the tiine 
distributions were skewed, the data were transformed logarithmically. 

Subtracting the control group means from the experimtal group means, 
the curve depicting difference in interword time intervals across position in 
the sentence sh_owed a significant distuption 2 and 3 words following the 
critical word. The time tO say the critical word itself was loriger for the 
expeririierital group than for the coritrol group, a difference that was 
sigriificant across both readers and passagH: . 

The results suggest tltat the reader had comprehended the material priorto 
initiating oral production of the critical word itself. Detection of the 
inconsistency required detailed end integrated comprehension. It depended 
not just on access to the lexial item in semantic memory and not just on 
comprehension of the sentence currently being jittered but on iriteptidri 
with the semantic represeritatibri of the priKtdirig seritericc as well. Thi"i 
iritegratibri with pnOr cbritext requires ailditiorial tiitie to accomplish 
(Doolirig, 1972). Even if one assumes a constructive or top-down 
comprehension process, the majch between the expected meaning of the 
second sentence and the actual meaning must have occurred at an abstract 
level of representation, because the inconsisteiicy could not have been 
detected on a perceptual level or by comparing iiuiividual words or phrase;. 
■ Thus, comprehension raiisi have occurred well ahead of oral production. 
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THE TWO HYPOTHESIS REVISITED 

Our conclusion is that neither the decoding nor the comprehension 
hypothesis holds all the tie but that the particular processes involved inoral 
reading are reader and task specific. A pn reader with specific materials 
and a definite purpose for reading processes the.text .to the extent that he or 
she is capable and to an extent consistent with the implicit or explicit 
purposes. The reader theri initiates the Oral production process at that point. 
Word callers are Uriable to progress beyori^ the decoding stage before 
initiating their oral production, but dialectal speakers are able to comprehend 
the text before initiating production: Reader limitations, textual variation^ 
and purpose affect 'processing in somewhat different fashions. The reading, 
level of the reader, whether limited by level of aquisition or by skill, is a 
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tiie schooichild who inust r»d for ihe teacher with the cia^ iistening 
probably pays particuktly attention to decoding and oral prodaclion so as 
nottomakcainistakcJpaiiyahctcachcrandth^ 
ttxt, si) they kiiow iiiimcdiatcl)' ifa inistake.is made. Pchrsson(l$74) tested 
fifth graders under such conditions. When the teacher focused attention on 
correct decoding and oral production, reading rate and comprehensidii 
decreased, as one niight expect. But unexnectediy, oral reading errors 
increased. Conversely, Pehtsson found that if the children were permitted to 
rod aloud without interruption and had to retell what they had read, tlieh 
comprehension increased. 

Text Dfwuli)'. Thetext can vao' in difficulty at several different lev-els: 
The type font rriay iiialce it difficult to discriminate the letters, the vocabuiaiy 
may be difficult, the syntactic structure may be complex, and the ideas and 
(ancjptual organization may be abstract or obscure. These levels ofdifTiculty 

concentrating aitention on decoding, either because of ability limitations or 
task orientation, then the complexity of the syntax and the difficulty of the 
conceptual structure will not have an effect on oral prodnction. If there is ail 
inconsistency at a higher level than the reader is apabie of processing, then 
liicre will be no disduenQf in oral production. 
Comprchcnsibri processes in oral readiiig cannot be evaluated by using a 
'r^^'cal access m be assessed, but accessing meaning of 
isolated words is but a small part of the processes involved in thecomptt- 

P?"?'^P^.''' iLP^°A^J°!"Pl^ woi^s !nust_bc aroal- 
pmated for sentence meaning, and sentences must be integrated for textual 
meaning. 

In summary, the decoding hypothesis of oral reading holds in certain 
contexts with particular materials and for certain types of readers, and the 
comprehension hypothesis holds in others. All three factors interact to 
determine the specific level of processing of the text. Whethw 
is initiated prior to or after comprehension is determined by these factors. 



POSTSCRIPT 

In his comments on cur chapter, Trabasso discusses the lack of clear 
definitions of decoding and comprehension. Decoding typically refers to the 
°f Pf'"' '^M iiifj an appropriate phonological code. 
Comprehension refers to the prbccM extracting meaning from the 
phonological code; Neither of these definitions is precise enough to know 
■ f2ch. Trabasso correctly asserts that 

procedural definitions of decoding and comprehension are needed. 
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MODELS OF LANGUAGE COMPREHENSION 



- Models of language comprehension ^re described in terrns of how 
processing components are organized: Four groups of processing com- 
ponents—speech perception (Orthographic decoding of print), lexical 
accoss of word meaning, integration of syhtaclic-semahtic information 
in phrases and clauses, and intcgratibh of s^^^ into larger 

units — are _ based on different types of information_in_ the linguisiic 
s t r u c tu re of _t he_ _t ext . _ Th e _ or^an izaJio n. of _ t hese _coroponen ts is des - 
cribed by the properties of .temporal sequence and direction of pro- 
cessing, interaction among processing components, and flexibility in 
adapting to task demands; Two classes of models incorporating oppo* 
site extremes of these properties are the interpretive and the coh- 
slriiciive models. Research results tend to support a constructive 
model whose processing components interact flexibly and in parallel. 



The basic notion of corn prehension is 
tha t 1 i ngU is t ic in f or rri at i on i s .converted 
by a listener or reader into a meaning 
that represents what he uriderstarids ah 
utterance or passage to mean. What are 
the cognitive proce.sses by which the 
^jst^i^Gi* or I'cader af f ect.s_ this conver- 
sion? This, paper discusKes IhcsL* pro- 
cesses and how they might be integrated 
into a coherent syslem for lingui:-rlic 
comprehension.* 

There are two i^erieral orient a^^^^ for 

characterizing the comprehension pro- 
ce.ss. In an inierpretive approach, the 
meaning reside.s in the speech sip^nal (or 



This paper was written while the aiithoi' 
w^s a visiting profcssoc at l!;o University oj' 
Warsaw under an exchange program bi.'t\\t*LM 
that university and Kent State University. 
Roqu est s f ( « r reprints s houl d be sc n t to iho 
author at the Di-parlnu nt of i-'sy(!i>olugy. Kent 
State Uniyer.sity^kent, Ohio 44242, U.S.A. 
_ It. is .assumed that listening n\u\ liincling 
comprehension prores-.es arc the s?n;e except 
for the obvious differences of input chrinnel. 
Although this a.i:sUmplidn can be questio.ied, 
the discussion of comprehension models hi.'re 
Is not viliJited by ignoi iuij possible differences. 



printed word), having been placed there 
fey_ speaker (of writer), and is repre- 
.sented as linguistic regularities, eg,, 
phbnolbgical, syntactic, and serhantic 
structure. This information' is extracted 
by a listener (or j!eader) as the meaning 
of ih^Jj^t France. The listener is an active 
searcher for the meaning that has been 
encoded by the speaker. 

Jn contrast, in a constructive ap- 
proach, the listener (or reader) is at- 
tempting lb make s^ his expe- 
riences. Speech is one source of data on 
vyhich he can base h^s understanding. 
As ho comprehends an utterahce, the 
listener conslrucls a representation of 
^1}^ yilerance by iritegr^^^ it with pre- 
ceding utlerancos, social and phvsical 
coniexls, and his general knov/lcdge 
tiliout Ihe world All of the.se infbrma- 
lion .sources are u.sed to construct a 
sci^ema repre.senling his experiences, in 
this case, his linguistic inputs^ 

Tn bolh approaches, comprehension 
nrbces^^es are b^ part bri lingui.stic 

information that can be. derived from 
ihe lext. Components of Ihe comprehen- 
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sibh process differ in llieir use of Uiese 
^nTojrrriatibri sources. The basic dirfcr- 
ences between the interpretive and con- 
struciive approaches lie in how these 
<^o_niMon?P_t _Pl*Pcesse.s are organized, 
After describing the pi-ocessing cornpo- 
hents, the interpretive and constructive 
fnodels are exarmned in of four 

propcriies that characterize the organi- 
zation of components. 

PROCESSING COMPONENTS 

Within a segment of discourse or text, 
levels cf linguistic .structure can be 
identified and ordered in a hierarchy 
based on the size and abstractness of the 
units: At the lowest level, phonological 
structure, acoustic, auditory, and arti- 
^yLsitory ^rbpertiei^^ the speech signal, 
and vistial properties of the letters and 
words can be specified. At a higher 
level, words can be identified in ternis 
of their phonological, orthographic, syn- 
^^ct iu, and -^einan t ic prppert ios. At a 
.still higher level, sentences are analyzed 
into phrases and clauses, each with an 
internal structure that specifies the 
structural relations among the words gf 
Uie_senterice. F'ihally, the interrelations 
among the propositions that underlie 
the constituent sehtencjos represent va- 
riously the pa ragraph structure of 
printed text, the narrative structui^e of 
stbrieSj or the sbciail turn-taking str^ic-^ 
ture of conversation. 

Models of comprehension generally 
assume tlyit components of the compre- 
hension process are- related to these 
levels of structure. There is a general 
correspondence between the linguislic 
structure at any given level and llie 
psychological processing thai uses that 
information: Corresponding to the first 
level is percepiiiul procesiiing, either 
auditory or visual, in wj^id^ units 
are identified fr^m the speech signal 
s^d from print. This level includes all 
subprocesses from distinctive^ feature 
analysis through phoneme and letter 
identificatidn. The second level is lexi- 
cal access. The identified word is acces- 



sed in the niehtal dictionary so that the 
correspondence between its phdhdlbgi- 
cpJ or brthographic form and its syii- 
j'.^^.'-^.P ^^^"4 ^^'rpar^tic representations is 
established. The third level is^ sentence 
integraiipa in which the syntactic pro- 
perties of words are used to integrate 
their semantic representations Intd the 
^"^^aDing*^ M Phi'a^^ and sen- 

tences Subpracesses here are fir.st seg- 
mentation of the phrases, then identifi- 
cation of their structure, and finally in- 
tegration into a new structure. The 
rqurth prdces^^^^ level is textual i?ue- 
gration of clausal and sentential propb- 
sitions into larger mental structures or 
schemata, ^ext includes both conversa- 
tion and discourse (speech) and pro.se 
(written). There is no theoretical limit 
to the .scope of these schema ta^^ there 
is a practical limit defined primarily by 
mvimdry lirnitatibh.S. 
_ '-iT^P e>^i'^*tence bf the variou.s proccs.s- 
ing components has been established by 
many invest i_gators: perceptual (Miller 
^L' I.sard, 1J}_6_3), lexical access (Fears 
Dahks, 1977; Mai'slen-Wxlson, 1975; 
Mar.slen-Wilsbri & T_yler, 1975), senteneo 
integration (Banks, 1969; Fears & Danks, 
1977; Marks & Miller. 1964; Miller, 
1975; Mistler-Lachman, 1972, 1974, 
1975; Siler. 1973-74; Tyler & Mar.slqn- 
Wilson, 1975), and textual integration 
(Rosenberg & Lambert, 1974). 
_ y.^y^ A*'*^ processing components 
organized into a comprehensidn pro- 
cess? GeneraHzations about organizatidn 
are difficult because of conflicting con- 
clusion_:> from experimental studies: 
Part of the conflicting resulis may be 
due to differences in experimental lask. 
Different tasks engage different process- 
ing components in varying degree.s (Per- 
1^1^)- X^e que.stidn df drganizatibh 
of proce.ssmg components i.s the ques- 
tion of what model best describes the 
comprehension process. Interpretive and 
constructive models are described in 
terms of properties that reflect how the 
processing components are organized. 
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PR0PERTIES OF MODELS 

Models of comprehension diJ'for along 
four dimensions: dir^^^^^ of pro- 

cessing, temporal organizalidil of pro-- 
cessinj» components, independence 
among procL\ssixit^ conippnents, and fle- 
xibility of organization. These properties 
complcicly independenl. espe- 
^^^^^.^ ^•^''. j^^'y ^1'^* into a mo- 

del. Decisions on each dimension tend 
to be correlated. 

Dirccdoiinlity of prbce.s.sihg 

J^O-^'t of language comprehen- 

sion have as.sumed a boitom-up (from 
surface features to abstract representa- 
^^°^) d^^'^^^^ion of pro rather than 

a fop-cioici» direction. In bottom-tip mo- 
dels the speech .signal is processed in 
terms of its at-pustic proper I ie.s,peH 
by ^ relating the _ extracted features to 
*^^!tJ^l^n«Jt.pry mechant.sms. Lexical iden- 
tification follows riext, and then .syn- 
tactic and .semantu: interpretaVion and 
integration. The prbces.s'end.s with inte- 
gration of the sentence meaning with 
P^'ior text and the Iistencr\s knowledge 
of the world. For readjhq the model is 
little differcMit. It bogins'with decoding 
P^I^^ J^lo ah auditory code. Then the 
comprehension process proceeds via the 
•*^*a*^^ -^.y.^lc that comprehends .speech. 
A bottom-up model seerns halural be- 
cause it corre.sponds to a peripheral-to- 
central direction of neural processing. 

This mode! has been challenged re- 
^^ently, however, by theorists who hold 
that comprehension proces.ses proceed 
in a top-down direction (G6adman. 
1967). To reverse the direct^ of pro- 
cessing to top-down, the listener gene- 
tate.s predictions about the input from 
his knowledge and .expectations about 
topic and speaker. These predictions arc 
^Mti^cJ jajjairi.st the input and, if correct, 
^ ^'^^P^^^'^n^ l^;^^ meaning of the utterance. 
Thus, information flows from abstract 
^^paning repre.sentations to specific sur- 
face strings. At the level of speech per- 
ception, this direction of processing is 



represenled by _ analysis-by-synthesis 
models (Ilalle S<: Steven.s, 1964; Steven.s 
1 972). 

Temporal brghhi/ation 

Temporal organization of proce.s.sing 
components refers to whether the com- 
ponents are ordered seriailly or whether 
they operate in parallel. If the prpce.ss- 
jD.^^cpri^ponents operate in sequence, ei- 
ther bottom-up or top-ddwri^ then th^ 
leriipbral organization is serial. Serial 
processing has-been the typical assump- 
tion for most models of comprehensibri. 
The_ alternative to serial organization is 
parai lei processing. All ^roce^sing com- 
ponents. or at least several of them, 
PP'^ratf-*_atJLhe s§me time. For exarnple, 
a word may be proce.ssed simultaneously 
in terms of its phonetic, lexiqai, .syn- 
tactic, and .semantic properties. 

Dependency among compbriehts 

Dopondc?ricy relations among process- 
^'on^Ppnents: refer to whether or hot 
each compnonenl proceeds to analyze the 
inPMl- wilhbut being influenced by any 
ot^her component, or whether cbihpp- 
nents exert, influence on other compo- 
nent.ss say by prbviding critical infor- 
mation: With paraZieZ models it is pb.ssi- 
to as.sume complete independence 
among processing stages^ A final deci- 
.sion process. rau.st integrate the informa- 
tion denyed from c?ach component, but . 
the component processes themselves 
may rernain independent. Wiih serial 
models there must be a lirnited forrn of 
dependency. At 'minimum, each stage 
must receive input frbrh the immedia- 
tely preceding component. 

Both .serial and parallel models can 
have exten.siye dependency relations 
among the components, Jiowever. Pa- 
rallel rnbdels may be wholly interactive 
if information frorn each cbmpbneht i.s 
immediately available to ail other com- 
ponen^.s. Serial models can be interac- 
tive iri that a later processing cbnipb- 
nent can reject the analysis of an earlier 
stage and reinitiate processing in the 
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preceding component. This is the case 
in 'garden-path* sentences, such as A 
carpehtej took a plane to tondon, but 
forgot the rest of his tools", in which 
words and phrases in the nrst part of 
the sentence must be reanalyzed on 
encountering an iricorisi.stcn>;y in the last 
half. A rnore common type of depen- 
doncy among stages in a .serial inbdcl is 
the addition of feedbackjoops in which 
more abstract processing of a word or 
phrase influences the processing of suc- 
ceeding wqrds^ or phrases, in an inde-r 
pendent system, one would wait until all 
words and phrases had been analyzed to 
integrate their meanings into a single 
sentence meaning. But with the addi- 
tion of feedback Ido^s, processing xif 
later words in a sentence can be facili- 
tated by the completed proces.sinj of 
earlier words. If, however, the ntmnber 
of feedback loops added to a serial mo- 
del results in every conlponent being 
connected with every other component, 
the .serial model is functionally equi- 
valent to a parallel model. 

Flexibility of organization 

Can the .sequence of proces.sini: com- 
ponents be reorganized, or cliffcrent 
componcjnts highlighted, or strategics 
invoked in order to respond efficiently 
and effectively to a specific ta.sk? Most 
cdrnprehension models hnvc been con- 
structed _such thai there is rmriihial fle- 
xibility 1n the ordering and structure 
of the processing, components. Usually, 
there is one fixed order (for serial mn- 
del.s) or a single set of proce.sses that 
invarijibly apply (for parallel models). 
With the' realization that listeners can 
extract and encode information at 
various levels of abslractnL\s.s. some 
thebri.sts^ have included multipLi exit 
points in their serial models (Mistler- 
Lachmah, 1972. 1975). If a task dcmcmd 
can be satisfied by specific inforrhalion, 
the listener can halt the compreh^n.sion 
process as soon as sufHcicnt information 
has been extracted CPerfetti, 1976). But 
this flexibility is relatively limited be- 



cau.se the comprehension process itself 
does not change. 



INTERPRETIVE MODELS 

An extrerne version of the int 
live model js bottom-up, serial, noninr 
teractive, and inflexible. The stages of 
processing are prdej-ed stjictly with the 
fir.st ala^e accepting external input, per- 
forming its analysis, and passing a]ong 
the results tolthe second stagc-^This se- 
quence of analyzing information con- 
tinues until the meaning ha.s been ex- 
tractec} from the input The model is 
•input-driven' in that the reception of 
an external input provides the impetus 
for processing. The stages are ordered 
.serially in a sequence that is the same 
For each input. The only connection be- 
tween the stages is that the resuU.s of 
each .stage .serve us ihjDUt for the next^ 
The model is inflexible since the se- 
quence of stages is predetermined and 
is not contingent on the input, on the 
context or purpo.se, or on the results of 
the ongoing process. ^Vhatever appaj'^ 
flexibiliiy a li.stener or reader has is 
gained by supplementary processing of 
the sentence meaning after the corapre- 
hcn.sion process per se is completed. An 
example of an extreme interpretive mo- 
del of reading comprehension is offered 
by Gough (1972). 

There are inan^- experiment.s, how- 
ever, that deniunstrate top-down effects 
and that require ihteracticyi arnojig 
componcnLs of Ihe comprehension pro- 
LC.ss. Beginning with Pillsbury (1897J 
through more recent studies of the word 
superic)rity effect (Reicher, 1969; Whee- 
ler, 1 970), Investijgators havc_fbund the 
perception of a sin^^lc letter to be faci- 
litated by being embedded in a wbrfd, 
At a higher level, perception of words 
depends in part on the .syntactic and 
semantic context in which they appear 
(MLller Isard, 1963; Stevens ik Ru- 
melhart, 1975; Weber, 1970). Finally, 
the interpretation assij^ned to larger 
units of text — phrases, clauses, sen- 
tences, and paragraphs depends on 
the context, .situation, settins.. or theme 
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(Pooling & Lachrhan, 1971; see also 
Branj^ford & Johnson, 1973; Biansfdid 
& llcCan ell, i974),_ 

TUese cbhtext effects frequently are 
handled in interpretive models by the 
use of feedback loops. As processing 
Pio^'^sds^ the resUlls from ihbre abstract 
processing levels are returned to earlier 
sta/^es where the later information can 
be used to facilitate lower-level process- 
ing of later inputs. With the addition of 
the.^e reedbnck loops, the interpretive 
model becomes interactive. A negative 
cdri.sequehce is that one needs to connect 
"^*y].y_*syPl'y ^k^Se wjih every other 
stage in order to account for the expe- 
rimental result.s, .so that the modeJ is 
functionally equivalent to parallel-in- 
tei:active mocjjls. 

Other experiments have investigated 
the nature of lop-down and bottom-up 
efficts us!n_g the introduction of lingu- 
ist i c V i bin t i b n< lb d i .s r u p t p roc e,ss i n g . 
The rationale i:s to violate the linguistic 
structure at one or more levels ancl then 
to measure differences in how subjects 
process the altered texts. The basic as- 
iiumption i.s that when the linguistic 
.structure is violated at a given level, 
then cognitive proce.s.ses that depend on 
t ha t level of 1 i ngu ist i c i n f bi ma 1 i o h will 
be_ disrupted, which in turn wilt lead to 
differences in performance. Top-down 
result s are an impairment in lower-level 
decision tasks with violations at higher 
^y^R^J^'^Uc J<evels^ Bbtlbm-up results are 
thor.c that find increased difficulty of 
coinprehcn.sion and memory with viola- 
tions at lower linguistic levels. 
_ The resuU-s of the.se £xperiment.s_have 
been n^ixcjd. Mar.sleri-Wilsbh and Tyler 
(1975) found an effect of violation.s of 
.sentence sli ucture and meaning on mo- 
nitoring for indiv'Muaj^ words (lexical 
access). Marslen-Wil.son (1975) demon- 
^^•'M'^ted that sentence cbntext faeilitaled 
restoration of aitejed syllable.s (lexical 
acce.s.s) in a shadowing task. Also u.sing 
a shadowing task, Rosenberg and t.am- 
bert (1974) found that vioiatin^{ textual 
structure by deleting sentences, insert- 
ing extraneous material, and reordering 
.sentences disrupted the lower-level task 



of .shadowing. In contrast, Mistler-Lach- 
mari n^75J required readers lb decide 
whether sentences with different levels 
of .syntactic, viblations were meaningful 
91" DP^i^nd^ found that the decisibri times 
were ordered byJevel pf syntactic vio- 
lation. Tyler and Marsleri-Wilson (1975j^ 
using an interrupted .sentence recall 
task (Jarvella, 1976, 1971), obtained 
effect.s of iritra-sehtence syhtaettc and 
semantic violations across clausal bo- 
undaries. _ _ 

_ I'lears and panics (1 977) investijgated 
three proce.ssing components Jvith the 
reading counterpart of a shadowing 
^^sl<, oral l eadin THe jeve] bf lexical 
access was tapped Jjyi inserting a pro- 
nounceable nbriwprd. The level of synta- 
ctic integration was a.ssessedjjy i riser t-r 
ing a word that was both syntactically 
^rid semaritically^ for the 

context. The level of semantic integra- 
tion was manipulated by inserting a 
word that wa.s semarit^^^ 
but which was the correct part of 
.speech. Oral production times of the 
words surrounding the allei;ed words 
indicated that the peaks of disruption 
were brdered f rbm ribnwbrd to syntac- 
tic to .semantic violation, supporting a 
bottom-up order bf processihg. Ilbw- ' 
ever, there was substantial dverlao in 
the patterns of disruption^ indicating 
parallel^ interactive proce.ssirig. 

The resolution of these vavying effects 
is not possible within a rigid interpre- 
^Jy^7t'^P*^^L_^t^*^_iA p^^^ a con- 

structive approach as discussed in the 
next .sectibri. 

A second aspect of the pure inter- 
pretive model that conflicts with expe- 
riiriQrilal data is its lack of flexibility. 
Finding differences in performance in 
different experimental situations, some 
^^^^/^^l^g^^oA's J- »terpret^^^ findings 
in terms of depth-of-processing (Craik 
.J^' Lockhart, 1972). Fbr example, Mist- 
ier-Lachman (1972, 1974) used three 
tasks that were, presumed to induce 
di f f erjBri t levels of grocessi ng — judging 
whether a sentence was meaningful, 
judging whether a sentence followed 
from a preceding sentence, and pro- 



2D 



188 



JOSEPH H. DANKS 



ducjng a following sentence: She found 
that these three tasks did induce diffe- 
rent levels _Df comprehension (1972) and 
memory (1974). 

The modei irnplicitljr ass^^^ by most 
studies using a depth-of-processing ra- 
^A^j^^^s J'^^J^nJ"^^^^^ with the 

addition of multiple exit points follow- 
ini? various stages. When sufficient in- 
formation has been extracted from the 
sentence input to satisfy the expdri- 
^?II^3lJask, the cpmprehension process 
terminates without extracting the most 
abstract level of meaning; The experi- 
mental tasks are assurned lo be ordered 
so that successive exit points are acti- 
vated by e?.ch task. 

The primary problem with adding 
multiple exit pomts to handU? task de- 
mands is thai they permit only 'quanti- 
tative' differences in a fixed sequence 
of processing stages. They do not permit 
'qualitative' differences rissuHing from 
the strategic reorganization of proces.s- 
cornponenl^^^^ the wide variety 

of everyday tasks %vhich li.stencrs arid 
readers face, a more flexible proces.sing 
system is needed. Do we read a play in 
the .same way that we read a novel? 

read either in the .same way 
^hai .we read a poem? It i.s riot jusl a 
matter of reading* each genre tu varying 
depths, but vve attack the task of coiu- 
prehending differently (cf. Gib.sqn «Sc 
Levin, 1975, pp. 454-465). Is the diffe- 
rence between li.stenirig to two conver- 
sations simultaneously at. a party and 
^^^^^"^"H ^P ^ lectiLre simply a matter of 
depth of proce.ssing? Appareritjy it is 
"ol- We .see?m to be capable of restruc- 
turing the set of iJixicessing compo- 
nents by which we comprehend .speech 
and print. 

There are a nuinber of oxpeririienlal 
studie.s that demonstrate ihat the kind 
of processing and the resulting meaning 
representation vxiry qualitatively with 
^?sl< _dernartd.s. Orie exami^Ie of the.se 
ta.sk related effects is in Banks (1969). 
Intra-.sentence syntactic and .semantic 
violations had differential effects de- 
pending on whether the reader.s wore 
to comprehend the sentence, correct it.s 



grarrimarj or cbrrqct its meaning. For 
another example, Garrod and Traba.sso 
ri973) and Glucksherg, Traba.sso, and 
Wald (1973) cbricluded that it was im- 
possible to construct a single veiifica- 
lipn model that would account for all 
the pictuie-.sentdnce yerificaiion data 
for the ubiquitous active-passive coirj- 
parisori. Subjects varied their encodings 
as well as their compari.sori strategies as 
a_ function of the particular verification 
task they were eMaged in. Kolers_(1974, 
1975) obtained extended memory for the 
perceptual operation subjects used in 
reading text that had been transfprmed 
iri several spatial jdimensions, Aarqnsbn 
and Scarborough (1976) reported that if 
subjects read for later recall^ the read- 
ing-time patterns followed variation in 
syntactic structure, but if the .subjects 
read for comprehon.sion, the reading- 
time pattern.s reflected semantic infor- 
mation. Finally, Frederiksdn (1975a, 
1975h) ha.s found that subjects reading 
material only for momdrjyr as oppo.^ed lo 
subjects studying a text to .solve a prob- 
lem for which the text provided infor- 
mation, did_ not differ Jn the total a- 
mount recalled, but did differ in the 
types of mformatiqri and in the amount 
of derived and inferred infoimaljqn re- 
niembered. IIow the subject processes 
the text is influenced by task demands. 
It i.s not .simply a difference in the a- 
mount of_proces.sing, nor is it just a dif- 
ference in what is included in the re- 
presentation. The comprehension pro- 
cess itself is modified to accomodate the 
specific demands of the inmvediate task. 

7^^^^'U^yity of proce.s.sing also is de- 
monstrated by the findin^is that sent 



eiice meanings are appropriate for the 
particular situatibri. Unambiguous 
words are represented diffej-eritly de- 
pending on the sontince context' (An- 
derson & Ortony, 1975; Barclay, Brans- 
ford, Franks, Mcearreli, & Nitsch, J974). 
For example, pirtjio is represenlexi dif- 
ferently in 'The man tuned (br lifted) 
the piano". Glucksber^, Hartman; and 
Slack (1977) put this idea to a more S(:v- 
cro test. They found that the possibility 
of interpreting a literally false sentence, 
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such as • Some roads me snala»s*^ 
plausible metaphor hindered ijubjects' 
rejection oi the sentences as false. Stjb- 
jects could hot avoid constructing the 
metaphorical meaning^ simultaneously 
with comprehending the literal mean- 
ing. In fact, they may have even com- 
puted the metapliJDrical meaning first. 
Thus, a scnience i.s not J^iveil J single 
interpretation \vhieh then is modified 
to fit the context, but the original com- 
prehension process constructs an an- 
prbpriate representation. 

There is substantial evidence against 
interpretive models even when they are 
modified by feedback loops and mul- 
tiple exit points. Let us turn to a model 
that would be suggested by the con- 
.structive approach. 

eONSTRUCTlVE MODELS 

Gonstructivc model.s are parallel, in- 
teractive, and flexible. The contrast 
between £ot1om-up and top-down Js not 
meaningful iri the context of a model 
that is both parallel and interactive. 
As input is perceived by the ears (or 
eyes), it is stored in a work bui:fer_(c)r 
nie.s.sage center, Rumelharl. 1976)._This 
work buffer hbld.s the input as well as 
the results from ihe components as they 
process the input. Mlwoj'v .structures 
interconnect the information that the 
individual has available at any ^iven 
fjoint in time. Episodic inforj-nation 
about J>ast experiences, semantic infor- 
mation, encyclopedic knowledge abdui 
the world, a.s well as the current con- 
tents of con.sciousness stored in the work 
buffer are all part of the memory .struc- 
tures. 

The comprehension prbces.se.s, en- 
campassing phonetic (or graphic) iden- 
tificat-idn, lexical access, syntactic and 
semantic integratibh, and textual in- 
tegratibn, are not ordered temporally 
or straclurally ia terms of importahce. 
All components have du^ect access to 
the information contained in the me- 
mory structures. The prbce.s.sing com- 
ponents are constantly alert for infor- 



mation in the work buffer on which to 
operate. Whenever such inrbrmation is 
available, one or more of the com- 
pbrient.s acts on that information and 
returns the results to the work buffer, 
the informatibh_ retjLirned by a com- 
ponent is a transformation of a data 
structure into a_ different form, either 
recording the information in a different 
format or integrating two or more in- 
formation units into a_ new one. Thus, 
the memory structures are changing 
constantly. The altered memory, struc- 
tures are susceptible to action by other 
components. 

There is no meaning output from the 
completed comprehension process other 
than the continual updating of merriory 
structures. The cbmpfehension proce.ss 
is completely integrated with memory 
and thinking. One does not comprehend 
an input .^ihd only then do something 
with it, such as store it in memory or 
use it to solve a prbbleril. Rather the 
information in the* work buffer is con- 
tinually available ior these other cog- 
nitive processe-s. The only 'meaning' 
that i.s the output from comprehension 
is a new memory structure. _ 

How is flexibility gained in a con- 
structive model? When there is suffi- 
cient, information in the work buffer to 
.satisfy the demands of the .situation, a 
rcsDon.se is produced. Without sufficient 
in format ion, prdces.sing continues until 
such is secured, or until a time limit is 
a-ossed. In either case, one re.sponds on 
the basis of whatever information is 
available: If a decision is required on 
the meaning of a word, or on the jnean- 
ingfulness of a sentence, or on whether 
a sentence integrates with the text, a 
respbhse is produced whenever that in- 
formation has been produced by^ the re- 
levant prbcessing component. Differen- 
tial respon.ses as a function of task re- 
suit from differential amounts of pro- 
cessing necessary to produce a response. 
Certain types of pri)ces.sing take Ibnger 
because the transfbrmation, recoding, 
and integration of memory structures 
is more complex. A second way that 
flexibility may be gained is by differen- 
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tial aliention to onc^or more of Ihc com- 
ponent. For example, if the task is to 
indicate for each sentence whether it Ls 
meamngful or not. then more attention 
may bo devoted to the component con- 
cerned with inlra-sentence i>emantic in- 
tegration, and les.s to other components. 

It is possible to characterize construc- 
tive models as a nlix of bottbm-up anql 
top-down directions of processing, A 
top-down, or predictive, direction re^ 
.suits from integrating the input wUh 
the current contents of memory. The 
memory structures define the range of 
possible interpretations that may be a*;- 
signed to a new input. In everyday 
situations, one attempts to fit new in- 
formation into existing memory struc- 
tures, so that new inputs are compre- 
hended as congruent with them. It is 
possible to break that connection, par- 
ticularly in laboratory experiments. To 
the extent that the input is either in- 
consistent with existing information, 
predictive constraints perforce cannot 
operate, and bottoin-up._or interpret ivb 
processing dbniinales. The degree to 
whicn the comprehender has prior 
knowledge that is related to the in- 
formation in the input determines the 
extent to which top-down force.s can 
operate. 

A second factor that iiffcct.s the mix 
of iriterpreiivc and predictive orienla- 
tion.s IS the mtiiivalioh for the subjoct 
to inle.^^rau? ihe input with his incnibry 
.sti-uctt»res. Given insufficient motiva- 
iJon. the .aibject may kecp^ the input 
isoiaied (Spiro, 1977). For complete coin- 
prehen.sion. the .subject must bo mo- 
tivated by the task and the instruciions 
to integrate the? input with his memory 
structures. Qlherwise. there is incom- 
plete comprehension that deviates from 
that typically used. 

A third factor affecting the intbrpre- 
tive-predlctive mix is the availability 
of and fluency with the components A 
child learning to read does not have 
complete control dyer some of the com- 
ponents, such as visual jprbcessing of 
graphic information. An adult learning 
a second language has to learn new pro- 



ce.ssinj? strate^jies to meet the deniaridg 
of the new language, A child dunng 
first language acquisition can be chaiac- 
terizcd , in similar terms. As the; indi- 
vidual uses and practices the processing 
components, they, become more and 
more automatic, (LaBerge ^S: Samuels. 
1974). Until the organization of pro^ 
ce,ssin|^ components becomes automatic 
attentional demands may force a serial* 
bottom-up organization. * 
The exjienm^^ results described 
earlier are more consistent with a cor- 
saructiye model. Firstly, both bottdm-^up : 
and top-down effects_ are predicted as 
a function of the specific expierimental 
tcsk because all processing components 
are oper^ing in paralliel dn the informa^ 
tidn in the work buffer: Sometinios Jdw- 
kfvei analysis i,s lequired to produce 
data .structures for more abstract com- 
ponents. Other times the. existing con- 
ceptual structures are sufficiently con- 
gruent with the new input so a,s to spe- 
cify its meaning \yithout low-level anal- 
ysis,^ for example, when .skimming an 
article on a familiar topic. Secondly, a 
con.struciive model is able to adapt flex- 
ibly to the specific situation. Responses 
^''^ ^^^•''l^'d on the current contents of the 
work buffer. The decisidn-making pro- ■ 
cess monitors the worJi buffer for the 
infcrnialion noodecl. The criterion .set 
for a respon.se, then, can be adapted to 
th(^ lask. Addilipnally. ihdse ])roce.s.sinij 
components whose output is neco.s.sary 
A^J .0 I'f-'^j^oh.se can be accentuated. The 
variety of exporip-,ehtal results in the 
research literature represents thi.s flex- 
ibility. It is possible to specify models 
for specjfic experimental t_asks, for ex- 
^J*'PU-j for picture-sentence verificatidn 
tasks (Carpent^er & Just, in75),^but not 
for yomprehen.sion generally. There is 
no single cdmprehen.sion process. Rather 
there are many prdces.sing components 
that are adapted strategically for par- 
ticular comprehension situations. 
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INTRODUGTIGN 



The main trends in carrent psycholingaistics began when George Miller 
(1962) introduced Noam Chomsky's woric to psychologists. One immediate 
efect was a .shift to mentalistic concepts and theorizing, That cognitive 
approach sjill prevails, despite occasional calls for a neobehavioristic revival 
(Staats 1976). A second profound effect was to shift attention from words, 
and the associations among them, to syntax as the central object of inquiry 
and a source for organizing principles. 

The transition from a word-based associative psycholinguistics to a sen- 
tencv'-based cognitive enterprise was reflecled in the contrast betv.een Ru- 
benstein & Abom's (1960) review and Johnson-Laird's (1974), The central 
theoretical concept in 1960 was the response hierarchy, and the bulk of the 
data base concerned the statistical and .probabilistic properties of selected 
language corpora. Despite siich a simplified psycholinguistics, or perhaps 
because of it, optimism ran high and mechanical speech recognition was 
thought to be just around the comer. By 1974 the complexities of language 
comprehension had been recognized, and attention was focused on the 
senjence as the basic unit of analysis, The notion of sentence-as-unit was 
so firm that Jdhnsdh-Laird coiild assert confidently thiit "the fundamental 
problem in psycholinguistics is siitiple to formulate: what happens when we 
understand sentences?" (1974, p. 135). 

The trend in recent years has been away from the sentence in isolation. 
There are at least two reasons for this shift. First, just as word comprehen- 
sion cahribt be fully uiiderstbbd biitside of sentences, sentence cbitipreheh- 
sioti cannot be fully understood outside of larger discourse contexts; In 
order to build an adequate model of comprehension we need to incorporate 
precedes beyond the level of the sentence. Second, mechanisms of word and 
sentence perceptibn are not fully adequate for understaiidiiig how larger 
units, such as cbnversatibns and stbries, are prbcessed. Fbr a number of 
reasons, many investigators have claimed that we cannot hope to under- 
stand language comprehension without incorporating problem-solving 
strategies, world knowledge, and rules of social discourse. Syntax and se- 
mantics alone are not suicient (Searle 1975, Shaw & Bransford 1977). One 
result of this trend has been far less reliance on theoretical linguistics for 
insights and working hypotheses (cf Halle et al 1978) and more attention 
to cognitive and social |)sychology, sodolin|iiistics, and artificial intelh- 
gcncc (see Winograd 1976, Levelt & Fiores d'Arcais 1978). We eventually 
may have, as the title of a recent paper suggests, "psychblinguistics withbut 
linguistics" (Johnson-Laird 1977b). 

Hie general commitment to understanding natural language comprehen- 
sion raises fundamental questions for an experimental psychology of Ian- 
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goage; What are the useful units of analysis? Can we learh aiiythiiig 
important from laboratoiy experimentation with artifically cbiisttained Jan- 
guagc materials, or must we leani tb cbpe with the cbmpW^^^^ 
of naturally occiirriiig language? Will tachistoscopes and reaction-time 
clocks be replaced completely by videotape recorders? The field is divided 
on this issue. At one extreme are microanalyses of naturally occurrih| 
discourse (e.g. Labov & Fanshel 1977). At the other is formal modeling of 
highly constrained laboratbry tasks (e.g, Carpenter & Just 1975). J. B. 
Andersbn (1976) has gone so far as to argue that the domain of inquiiy is 
so complex that ("ne most we can hope for js plausibility in our theories and 
some measure of practical application, Wexler (1978) provides a critical 
analysis of this issue. 



The search for the basic unlibf language has largely been abaiidbhed, and 
with pod reason. Many different segments or cbiiipbnents bf the speech 
signal, from distinctive features lb claUsK, sentoices, and paragtaphs, can 
be treated as a unit given an appropriate context and task (McNeill & 
Lindig 1973). More interesting and productive quwtions can be asked about 
the interactions among unitSj.or more precisely, among the varibiis levet, 
and .sources of information, than are available iii £my given language pr^ 
cessing task, Siich ihteractiohs typically are tilirted to as or jop-down 
effects (RUinelhart 1977a, banks 1978); A distinction commonly made in 
artificial intelligence between top-down and bottom-up informalion pri> 
(cKsing systems continues, to... applied fruitfully in psychblinguistics 
(Marslen^Wilson £ Welsh 1978). A tbp-dbwh, br knbwledge-driven^^^ 
iises higher-level knbwiedge to Militate processing cf incoming data. A 
bottbm-upi or data-driven system relies primarily on. the information car- 
ried by the input signal itself with little or no constraint from prior knowl- 
edge or context. Bottom-up systems can fuhctibh qiiite adequately, at l^t 
at initial stages of processing when the input signals are clear and unambig- 
uous. When the input is noisy or ambiguous, then information from wider 
contexts can be used to compensate for poor signal quality. Since normal 
speech inputs are freq^uently noisy and ambiguous, interactive bd'*om-up 
and top-down processing is likely the hbrm. 

This general distinction appiars in various forms in the contemporary 
literature. Some of these forms, in addition to bottom-up vs top-down 
(Bobrcw k Brown 1975), are data-limited vs rKource-limited Jobrow & 
Norman 1975), interpretive vs constructive (Frederikseh j975a), jiterai 
meaning vs intended or conveyed meaning (Clark & Lucy 1975), interpre- 
tive semantics vs generative semantics (Maelay 1971), context-free vs con- 
text-dependent (Bobrow & Norman 1975), and code emphasis vs meaning 
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?"Pm^^^^'' Surely there is something in the air.that gave 
risetosomMyversionsofthesaffiebasicdistinctionJ^ 
well be the idea that word, sentence, and discourse processes interact con- 
tinuously as we attempt to interpret speech, print, and other perceptual 
f'^"^i^f^°' ^Mj'f""<^''"ien'al proble.n in psycholinguistlcs is to specify 
J? "^^^ of '"tation are used during the comprehension of con- 
^^ ^^ print and precisely how these diferent information 
sources interact. To clarify this issue, we review relevant research at the 
word, sentence, and discourse levels of processing. 

WORDS; REPIESENTATIONS AND PROCESSING 
MECHANISMS 

How words are represented in memory and how these representations 

f°"'^.''°" .'I'AIW.O'^^ tasks have been the foci of three rela- 

'"^ '"^'P*^"^^.'^ *of«^ recognition, semantic raemoiy, 
and psychological semantics. 

'""J'^**^.^*^ '°j:"?^^.f'^°'"J^'' and texts, studies 

of word reco;gnition processes would seem to be outside the mainstream of 
^pniiienlalps^^ Clark k Clark 1977, tevelt & Flores 

'^''^^'i^'^.M^l^''* is flie emphasis in most such studies on reading 
"''''^^ i^^!'i«'^08"'t'0" («• I Coltheart 1978), Neverthe- 

less, word recognition research does address a central issue, namely, the 
extent and mechanisms of interactions between prior knowledge and the 
stimulus iiipiit 

_..^*°,^^""'^'M?''M^'^ 'ake opposing views on this issue. One type, 
exemplified by Morton's logogen model, perifiits incoming sensory informa- 
tion to interact continuously with available contextual information and 
prior knowledge during word recognition (Morton 1969, Morton & Long 
1976), When sufficient information from any one or combination of these 
sources accamulats, a word is consciously recognized. The relative influ- 
ence of stimulus and contextual information can vary with circumstances. 
For example, contextual information has a greater effect when stimulus 
input is degraded than when it is clear and unambiguous (Massaro et al 
1978). In contrast, a sequential search model proposed by FoRter (1976) 
typifies a strictly bottom-ap view of word recognition. Words are accased 
phonologically (or graphemically) via a search through frequency-sorted 
classes. Syntactic, semantic, and other contextual information can have no 



infiuence until.a word-candidate is found by the search proems. Therefore, 
such information can act only to confirm or disconfirm a word choice, 

Both of these types of models treat words as indivisible iiiiits, albeit in 
diferent ways. Because of this, they each have difficulties in accoanting for 
the ways in which people deal with mispronunciations. When people are 
asked to detect mispionunciations or to shadow speech, two interesting 
phenomena appear. First, the greater the distortion from real words, the 
better people are at detecting and accurately repeatiiig those distortions 
(Cole 1973), The logogen model has no mechanism which would be sensi- 
tive to degrees of distortion because logogens consist only of whole, real 
words and only an output word is available to consciousness. The second 
phenomenon is the other side of the coin. In continuous speech shadowing, 
people sometimes fail to detect mispronunciations. They proncunce words 
correctly even when the stimuH are distorted, especiajjy when the correction 
is semantically and syntactically congnienti For example, "compsiny" 
might be shadowed as "company." These fluent phonemic restorations 
occur at Very short siladdwing latencies, often before a whole word has been 
compieteiy heard (Marslen-Wilson 1975); A sequential search tnodel that 
treats words as whole units to be accessed before contextual information is 
consulted isjnconsistent with jlese findings. 

Marslen-Wilsdn k Welsh (1978) propose an interactive model of word 
recognition during continuous speech which caii accbmiiibdate the avail- 
able data; Tliis model posits the simultaneous and continuous use of two 
sources. of information-the incoming stimulus and all other available 
knowledge, such as syntactic, semantic, and contextual information. As the 
sequence of phonemes is processed in real tiiiie, a pool of word candidates 
that matches the initial phonemes is activated; Simultaneously, all word 
candidates which fail to satisfy the avaiiable contextual constraints are 
eliminated, Word candidates continue to be eliminated as.additional phono- 
logical and cbhtextiial information becomes available iihtil a best alternative 
remains. Thus it is possible for words to be recognized before they have been 
completely heard. This in turn can proauce (a) failures to detect mis- 
pronunciations and [h] fluent restorations of distorted phonemes, especially 
when these occur relatively late in a word. This kind of model is somewhat 
diS'erent from strictly serial processing models, including analysis-by-syn- 
thesis models, that invoke contextual knowledge only after jome prelimi- 
nary analysis of input (e.g. Massaro 1975). Interactive models are ^ 
particular interest for psycholinguistics because they can be extended quite 
naturally to sentence and discourse processing and because they can j)rovide 
a useful framework for incorporating knowledge from various levels into a 
unified theory of language comprehension; 
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Semantic Mmoiy 

Although the term semantic meraoiy is quite general, the research on this 
topic has been rather narrowiy conceived; The primary concern has beeii 
with simple category relations ampn^ a r^tricted.set of concrete noon 
''°"^P'.^' M*".^^ and ^^^/i' The prevalent assumption is that 
¥3^^^ ^'^rd meanings are represented in memory 
independent of how they may be nsed iri discourse contexts; This is an 
essentially reductionist, bottom-up approach to semantic memory, and is 
well represeiited by Smith (1978). Kintsch (1979) questions the utility of 
'.^.'^ ''PP^°^'^'l'.^M"8 semantic inemory is bur ichowledge ofthe world 
and is thus propositiona! rather than word-based. Holding this issue in 
abeyance, what have we learned about the representation of word mean- 
ings? 

One persistent issue has been whether word meanings and the relation- 
ships among them jre stored explicitly in memory, or whether they must 
be computed afresh whenever needed; Two classes of semantic liiembry 
pdels.takc_cpntrasting positions on this issue. Networic models (Glass & 
Hblybak 197*^1975) assume that class-inclusion relations are explicitly 
"I'^^fy- •'^OP''-' fle'^'de that statements like "A robin js a bird" 
are true by retrieving that information from memory (Meyer & 
Schvanevcldt 1976). Set-theoretic models (Smith et al 1974) assiime that 
such relations among concepts are not stored explicitly and so are not 
available for direct access. Instead, one decides that a robin is a bird by 

of the relevent concepts, i.e. do bird and 

whin share criterial features? 
The formal distinction between network and set-theoretic models may be 
vacuous because any set-theoretjc model can ije reformulated as a network 
model and vice versa (Hollan 1975; see also Woods 1975). Nevertheless, at 
least two interesting issues remain, Tlie choice between retrieval and com- 
parison processes in verifying class-inclasion statements is not resolved by 
such structural reformulations (Rips et al 1975). Secondly, whether the 
brdiriary categories named b) concreie nouns are well defined or fuzzy Is 
also not resolved. Both set-theoretic and network models posit that com- 
mon noun concepts are weH defined, althbiigh this is hot a necessary as- 
sumption of either class of models. The former do so in terras of defining 
features (Smith et al 1974); the latterin terms of associative links between 
exemplars and category" nodes (Collins k Loftus 1975, J, R. Anderson 
1976); 

The data from semantic meffldry experiments which might speak tb these 
two questions consist almost entirely of reaction times to rspond "true" 
or Talse" to simple statements ofthe form "Some/all'S are P," Ba.sicaily, 
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coraparisons.between two kinds of true and two kinds of felse statements 
provide the fiindamentalindings, True statements about typical category 
inenibers, such as "A robin is a bird,", are verified faster than statements 
abeiit atypical categbiy iiieihbers, siich as "A chicken is a bird.".Fa|K 
statements which involve related concepts, such as "A biitterfly is a bird," 

_ • \ take longer to disconfinn than statements witii unrelated concepts, such as 
- "A table is a bird." These effects of typicality and semantic relatediiess are 

extremely robust, appearing in a variety of experimental paradigmsjnclud- 

_ • I _ ing prodQCtion as well as comprehensibri tasks (see Kintsch 1979 for a 
comprehensive review). 

Robustness and generality may well be these resnlts' strongest ciaiins to 
fame. With respect to the retrieval. vs comparison quation, the data do not 
discrimiiiate between the altemiitives. After all, there are only four data 
points to be explained; If one opts fbr simplicity and pairsiihbhy, then pple 
decision models of the sort proposed by Homa t Omohundro (1977) and 
by McCloskey & Glucksberg (1979) are sufficient; They account for the data 
with minimal representation and processing assumptions. If intuitive plau- 
sibility and generality are weighed heavily, then Collins ife Loftus's (1975) 
spreading activation model, which treats assumptions as if they grow pa 
trees, can account for virtually all findings; However, the patterns bf results 
provided by semantic memory experiments seem to reflect both general and. 
task-specific decision processes more' than they do the context-free structure 
ofsemanticrepresentations(Wickelgrenl977,Corbett&Wickelgre^^ 

The second qustion, whether natural categories are well-defined or 
fuzzyj.also is_not resolved adequately within the standard semantic memory 
paradigms. The obtained pattem of typicality effects can be accounted for 
by models which assiniie well-defined categories (Smith et al 1974) and by 
those which assume fuzzy category boundaries (McCloskey & Glucksbei? 
1979). To answer this question we must tarn to research in wider contexts. 

P'sycMogical Semntics 

i Several developments in the last 6 years have raised qiiestiOris aboiit the 
definiteness of word meanings and category relations; In linguistics, Labov 
(1973), among othen, argued that_ word meanings were inherently vague 
, « and cbntext-depeiidelit, much as Wittgenstein (1953) had claimed 2dywis 

^°sch and her colleagues have concluded 
that natural categories do not have well-defined boundaries. Categbrie are 
defined in terms pf_fanjily resemblances rather than by criterial featuns 
(Rbsch & Mervis 1975, Rosch 1978). Experimentally, demonstrations ofthe 
^"^^^^ ''^"^i'l^M °f lieanings have become cpmmonplacc.|B.arclay 
et al 1974, Anderson & Ortony 1975, Carair.azza & Grober 1976). The 
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important thwretical generalization is that vagoenss and flexibility are 
iniieienl "cliaiacterislics of wprd meanings and are not restricted to a Sinall 
'^'^^^^"''''61°!^ *'^^ Popmy is not an exception; it is the norm: 
^'''^ vagueness and plysemy? In linguistics the prob- 
lei^ can be solved by ignoring it. The scope of invstigation is restricted to 
lexical semantics and plems of reference; discourse and pragmatics are 
•Pi^i^i.^yon^ '977; and see a critical review.by G. Milleri K: Miller 

P^*'^^^^ P^ially handled by adopting a 

nomindview of naming (Kripke 1972). Piil simplism 
entity ^ is named N is.becauseit has been so named: Where linguistics deals 
only with lexical meanings, philosophy seems to deal only with the arbitrai^ 
natnre of naffie assignments. Neither approach seems particularly heipfoi 
for a ^ycyogy of natural language use. Tue central questions for psy- 
chology remain: {a) How arc word meaning represented in the mental 
dictidhary, or more broadly, the mental encyclopedia? (J) How does one 
know when to apply, or iise, a particular word? 
The sobsct of the lexicon that has received the most attention is the 56 

e.g. Kgetabk hem mm, pm.p<!unua, etc: There is general agreement 
that siich iialiiral categories should not be represented by criterial features, 
but there is little apment on just how they should be represented (Medin 

1979). Whatever the final solution 
*° .'^^''*^-^"'^''°LP"^^^^^ 'lata indicate that concrete 

hbiih meanings are more or less vague: Category membersliip statements of 
the form "An olive is a vegetable" seem to have vai^ng degree; of truth. 
^^^'^ ^.."^^^^ly 'ate the relative truthfulness of such statements (Gden 
''^!v^"^.''^^..P^P'L^^ whether or not atypical 

category members belong in ordinary categories, e.g. "A put is a vegeta- 
ble." People disagree with one another and are inconsistent with themselves 
when they make such decisions (McCloskey & Glucksberg 1978). Thee 
^^^!^ ^l^^^^^^l^P^^^^ parallel the efects of typicality on 
reaction time in speeded verification tasks. 

Similarity relations among concepts also seem to be less rigid and definite 
than had been supfXBed (Rosch J975). It had seemed intuitively obvious 
^"j'larity of /i to B would be judged the same as the similarity of 
^ ^°*l*^'''_!^^fAare clear cases where this a^um^ion fails. For 
example, people judged that North Korea is more similar to Red China than 
the reverse fTversky 1977). Tvenky argoe ftat gwffletric models of simi- 
liirity relations, and hence gwraetric-spa^ 

l^ltliead 197^, are seriously, undermined by soch asym- 
implication is that semantic-foture rep- 
resentations arc preferable to gametric-spatial representations because 

ERIC' 
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they allow freedom for representing asymmetries. Krumhansl (1978) shows 
that pile can do so in.spatial models as well if assumptions.are made abbiit 
varying deiisities within paiitic spaces. A ihbre geiieial iitiplicatioh ()f 
siiiiilanty asymmetries.is that pragmatic arid contextual factors are inher- 
ently involved in the comprehension of similarity statements, jost as they 
* seem to be in the comprehension of class-inclusion statements. . 

Perhaps the most interestiiig pgiimmatic proposal for studying word 
meanings in general was offered by Miller & Jolson-Liurd in their book, 

• ' i . isnp^g mi Percifion (1976). Words are asumed to represent pre- 
existing concepts, the meaning of a word is neither a set of semantic 
feat' is nor a node in a semantic network. Instead; a word's meaning 
consists of a set of decision procedures that govern its use and application 
and a set of relationships between its meanings and the meanings of other 
words: Thse decision procedors are not iimital to iinguistic operations. 
Perceptual and functional properties of objects, actions, and evoits are 
integral to the decision procedure. For example, part of the meaning of the 
verb meet consists of a test which must be satisfied before *'X meets Y" can 
be asserted, namely, dmi touch x? This approach is called pri)cediiral 
semantics and is in principle compatible with artificial iiitelligence models 
of language processing m that it consists of instructions to perform speciied 
operations (Johnson-Laird 1977a,b). If thoe procedure m vary as a 
fiihctibh of rohtext, then siich an approach is also cbihpatible with die 
notion of ill-defined word meanings or a fiizzy setiiantics. More perally, 
a procedural semantics rejects the utility of an autonomous semantics and 
explicitly iiicorporata world knowledge into the mental lexicon. TTie dis- 
ptioii between lexical p practical knpwlaige is igiiored (Miller 1978), 
This kind of model is My compatible with m iiiterMtive tojHiown model 
of language comprehension }mm it provides for the continuous availabil- 
ity of both linguistic and extralinguisd: information. 

In an analogous argument; E. V, Clark & H..H. Clark (1979) propose 
aii iiitbtibhal view of verb cdmpreheiis^^ 
mation with world knbwl«lg(i and social context. Althbugh retain a 

' I hnguistic core for word manings, tfiey neverthelKS blur the (fetinction 
betw^ linguistic and nonlinguistic sources of information. Both kinds of 
itiformatioii must be used when p^ple cope with the interpretations, of 

t , words iised in hbvel ways, as when noiihs are iised iniibvatively as vcrfe 
How do we undeistiiid statements such as "He pofched the newspapef or 
"He Houdinied his way out of the box"? Clark ft Clark argue that a spaii- 
us« such, words when, there is good reason to bcleve 5at the listener cai 
compute his intended interpretation from both linguistic and nonlinguistic 
knowledge. A meaning must be constnictwl; because it is novel, it cannot 
be retrieved from a semantic memory. Verbs in particular sesem to require 

^3 
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this sort of integration between lexicai and contextual information, bat so 
do other parts of speech, e.g. modals (Johnson-Laird 19?8)i conjunctions 
(FilienbaQra 1974a), and quantifiers (Borges k Sawyers 1974, Hersh & 
Caraniazza 1976). 

. From concrete nouns to verbs to the vagaest of adjectives, the representa- 
tibii of word nieaiiings seeiiis vague and fuzzy, integration of linguistic and 
pragmatic-cdntextlial information would seem to be a necessary component 
of word comprehension. Precisely how different types and sources of infor- 
mation are represented, accessed; and integrated remains to be specified. 

SENTENCES: REPRESENTATIONS AND PROCESSES 

How is the tncarting of a sentence represented, and how are such representa- 
tions derived? These two related questions have been addressed in two 
general ways: (a) by studies of sentence memory, and [b) by studies of 
sentence perception and comprehension. 

Products ^ Coihprehmon: Sentence Memory 
Two contrasting views of sentence comprehension dominate the literature. 
They are analogous, in important respects, to the bottom-up vs interactive 
views of viford recognition. The bottom-up, interpretiyist view of sentence 
cdiprehension claims that sentences are processed in sequential stages. 
First, a literal or canonical representation of a clause or a sentence is derived 
from the speech signal. Second, this representation is interpreted as a func- 
tion of the social and discpurse context. This is analogous to word recogni- 
tion iiiddels which posit that words are first accessed via a search process 
and then interpreted as a function of context (e.g. Fbrster 1976), Sentence 
processing models of this type rely heavily on formal linguistic representa- 
tions, such as those derived from transformational generative grammars 
(Fodbr et al 1974, Schlesinger 1977), These linguistic models provide the 
format for the initial, literal represeiitations required by ah interpretivist 
view. 

^contrast, a constructivist view provides a sentence-processing analog 
of a fully interactive model of word recognition, where social and discourse 
cohtexte iriflueiice recognition and comprehension decisions at the.outset 
(Shaw&Bransford 1977). Instead of involving two discrete stages-the first 
context-free, the second interpretive-a constructive cOmprehender Uses 
sentence and context information interactively and flexibly to arrive at an 
iiiiderstaiiding of a speaker's intended m^ing. On this view, linguistic 
prdCKsing per $e has neither temporal nor informational priority. 

These two views of sentence comprehension stress different aspects of 
sentence memory, flic two-stage interpretivist view seeks evidence for me- 
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morial residues of an initial, literal interpretatibh. The cbii$tractivi|t in- 
teractive view seeks evideiice for aii elabbrated repfessntetion; with fittle if 
any residues of raw, unprocessed verbatim information. The arguments are 
that if we remeniber verbatim or linguistic information, then sentence pro- 
cessing must involve an initial linguistic repraentation which is later avail- 

• able for interpretation. Hbwever, if we remember only gist, together Mth 
elabbrated cbnstruclions such as inferences, then sentence processing need 
ilot involve an initial linguistic representation. Tlie basic issue, however, is 

, . not whether sentence understanding requires extralinguistic infopation. 
Rather, the two opposing views difiler on just when, in a cbmjji^hensibii 
sequence, extralinguistic contextual kiibwledg^^^ 
posed in this way, then the sentence memory literature seems irrelevant to 
the controversy. Either class of models could allow for virtually any form 
of final memorial representation of fully processed sentences. The predilec- 
tions for sparse versus rich memorial representations seem mbre a reflection 
of preference than of substance. In any case, the available data are consis- 
tent with virtually any class of models for sentence representation, including 
propositions (Kintsch 1974, Ratcliff & McKoon 1978), miative net- 
works (Anderson & Bower 1973, Anderson 1976),_wor(L (Hayes:Rpth & 
Hayes-Roth 1977), and_ images (Danks & Sorce 1973, Marschark & Paivio 
1977, Potter etal 1977). 

The prbcessitig ifsue aside, what do people normally remember of sen- 
tences? The evidence strongly suggests that people can forget much verba- 
tim, specific-item information and still retain gist (e.g. Barclay & Reid 1974, 
Pezdek & Royer 1974), just as Sachs had argued in 1967. Memory for 
verbatim ihforiiiatibli seeiiis particularly fragile with Ibng delays (Anderson 
& Paulson 1977), and recognition memory is poor wEen distractor £md 
target items are highly confusable (James & flillinger 1977). Memory for 
verbatim information Is robust when that information is important. Memb- 
rized prose and verse can be retained verbatim for years (Rubin 1977)^After 
all, parajihrases such as "my love is like a red red carnation" just won't do. 
Similarly, jokes and insults often depend upon specific wording for thgr 

, Import, and they too should be remembered verbatim. Keenan et al (1977) 
transcribed seminar discussions and then tested participants' recognitibn 
membiy bhe day later. As expected, meinbry for 
Verbatim membry was also goodj especially for statements with personal 

' . significance, such as sarcasm, personal criticism, and witty remark. It is, 
of course, just th^e kinds of speech acts which cannot survive paraphrasing, 
and so it is not surprising that people remember the brigiiial wbrding. If 
they did iibt, theii they cbuld iibt retain the original ilieaning; 

People may remember specific wordings even when they are not 
particularly important. Hayw-Roth & Hayes-Roth (1977) replicated 
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Sachs's (1967, 1974) finding of recognition confnsions between verbatim 
sid paraphrased test items, In addition^ they obtained higher confidence 
ratings and faster verification latencies for verbatim items than for para- 
phrases. It would seem that some specific lexical informa^dii is normally 
preserved after sentence have been ondeRtood; Other normal prodacts of 
sentence comprehension inclnde specific instantiations of general terms 
(Anderson & Ortony 1975), Integrations of simple sentences into complex 
wholes (Hupet k LeBouedec 1977), inferred information (Fillenbaum 
1974b), and presuppositions and implications (Harris & Monaco 1978). In 
short, people can remember many kinds of information after listening to or 
reading sentences (cf Craik 1979). The central issue for psycholinguistics is 
not what can be remembered, but how those memorial representations are 
generated in the first place. 

Ssntence CothpfehMon Frocem 
The most fully elaborated form of a two-stage intejpretivist sentence pro- 
cesslng model Is the clausal processing hypothesis (Fodor et al 1974, Hurtig 
1978), The structural coinponeiit of this hypothesis is tiiat sentences are 
seprited perceptually into clauses; The processing component is that 
integration and interpretation of word and phrase meanings are postponed 
until the ends of each clause (Marslen-Wilson et aj 1978). Extralinguistic 
processing, such as the application of contextual informalion, is performed 
primarily at clause bbiindaries, when a completed linguistic representation 
is available for interpretation. 

The primary evidence' for perceptual segmentation of sentences into 
clauses conies from click-location experiments. People judge the Iwatibn of 
nonlinguistic sounds, such as clicks, within spbkeii sentences. Perceived 
displacements of clicks into deep-structure clause boundaries have been 
interpreted as evidence for perceptual segmentation of sentences into deep- 
structure linguistic units (Bever&. Hurtig 1975). The interpretive problems 
of click-location data havejeen discussed thoroughly elsewhere (Mnsdh- 
Laird 1974, Levelt 1978). The major problem is that clause boundariK are 
normally confounded with other variable, such as serial position of words 
(Reber 1973) and intonation patterns (Geers 1978). Suffice it to.say that 
sentences may be perceptually segmented into clauses wijhout being com- 
prehended and interpreted on a clause-bynclause basis.^prtainly, percep- 
tual clause sepentation does not necessarily imply that interpretive work 
is restricted to, or concentrated in, clause boundaries (Townsend ft Bever 
1978); .... 

A more direct impiication of the clausal procasing hypothesis is that 
laical ambiguities are not resolved until clause endings (Bever et al 1973, 
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Olson & MacKay 1974), If this is true, then both meanings of aii ambigubiis 
word are always accessed regardless of prior context, with a choice made 
only at the end of a elatise. ITie alternative hypothsis is that prior context 
can restrict initial lexical access to the contextuaily appropriate sense of a 
word. This quKtion has been extensively investigated with a phoneme- 
mbnitdring paradip. People listen tb sentences aiid respond iis quickly as 
pbssible tb predesignated target phonemes; Phoneme detection latencies are 
taken to r^ect the relative processing difficulty of the word immediately 
preceding the target phoneme. Lexically ambiguous words appearing just 
before a target, phoneme usually increase detection latencies (Cairns & 
Kairieriiiaii 1975). Pribr cbhtext appareiitly did nbt eliminate this effect 
(Fbss & Jenkins 1973), suggesting that ambiguity rsolution did indeed 
await clause boundaries. More recent evidence, however, suggests that 
initial lexical acccssis affected, by prior context. Mehler et al (I978).and 
Newman I Dell (1978) correctly pointed out that many phoneme-mbhitor- 
ing studies had failed to control for potential artifacts like the lengtl^ 
frequency, and phonemic composition of words immediately prior to target 
phonemes; lliese factors may have adventitiously increased detection laten- 
m following ambiguous words. Blank & Foss {1978) explicitly controllw! 
for the artifacts discussed by Mehler et al and by Newman & Dell, and 
found that prior context could facilitate immediate semantic processing of 
unambiguous words; These findings, together witli those of Swinncy & 
Haices (1976), who did find effects of pBor context on ambiguous won! 
processing, argue against a strong form of the clausal processing hpthesis, 

Further evidence against a strong form of the clausal processing hypothe- 
sis was reported by Matslen-Wilson et al (1978)^ using a word-detection 
paradigm. A target word could appear either immediately before or after 
a clause boundary. Irrespective of whether the target words were monitored 
for sound (rhyming) or for meaning (category membership), there were no 
effects bf wbrd Ibcatibn. At least insofar as word recognition and interprea- 
tion are* concerned, position within claoses seems to be irrelevant pps et 
al 1978). these results, along with others (e,g. Rosenberg & Lambert I974j 
Lindig 1976, Danks et al 1978), are inconsistent with inteq)retive models 
that posit literal representations as a necessary first step in a comprehension 
seqiience before contextual infortnation is brought into play. 

One critical assumption of such interpretivist models is that there are 
nonarbitrary "literal" interpretations that are relatively context-free. How- 
ever, even in impoverished laboratory situations, sentence-encodings are 
highly cijiitext-seiisitive. Fbr example, hbw seiitences are coded in a siSi- 
tence-verification task will vary as a function of the form of linguistic inpat 
(Banks et al 1975), the serial position of test sentences (Garrod & Trabasso 
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1?73), whether picture precede sentences or vice versa (GIncksberg et al 
1973), and individual diHerences among subjects (MacLeod et al 1978). A 
F^jciilafly dear demonsiration of task-specific processing strategies was 
reported by Aaronson (1976, Aaronsoii & Scarborough 1976, 1977). Read- 
ers were ajlowed to pace presentation of sentences, one word at a titiie. 
Readers who had been, instructed to underetand the sentences 'jsed a differ- 
eiit pacing strategy than those who had been instructed to .recall the 
sentences vertetim; dearly, different laboratory tasks impose different sen- 
tence-processing demands, and people seem capable of varying their sen- 
tence encoding strategies to suit those demands. 

Perhaps the clearest xst cases for a literal-first interpretivist model are 
those sentences whose "literal" meanings do not coincide with their ap- 
propriate or intended meanings. Indirect requests are one such class of 
sentences. The statement "Can you pass the salt?" has at least two interpre- 
tations. It can be a quKtion about someone's ability to perform an action, 
or it can be a request for that action to be performed, An interpretivist 
comprehension sequence for such sentences would be (fl) derive a literal 
meaning, (b) check that meaning against the context, (c) if it fits plausibly, 
stop, (^) if not, seek an alternative nontiteral meaning that does fit; Clark 
& Lucy (1975) used such sentences in a sentence verification task and found 
that people required more time to verify indirect requests jhan direct ones. 

.^^"'^""^^ isolation. Gibbs (1979) found similar 
results with sentences in isolation. With the same sentences embedded in 
appropriate story contexts, appropriate indirect interpretations were under- 
stood more qiiickly than direct but inappropriate ones. These data are 
inconsistent with a literal-first, intended-optional comprehension sequence, 

Metaphors provide another interesting set of test cases. The standard 
interpretivist view of metaphor comprehension is an exact parallel of Clark 
S Lucy's (1975) indirect request model. A metaphorical interpretation of 
a sentence is optional because it will occur only after a literal interpretation 
has failed to make sense, Therefore, metaphors are not only optionally 
interpreted, but they mast also take more time and effort than ordinary, 
literal sentences. There are serious principled problems with such a view (cf 
Pollio et al 1977). For example, what are the nonarbitrary literal interpreta- 
tions of siich statements as "a woman withou] a man is like a Ssh without 
abicycr[attribut«ltoGlbnaStM^^^^ 
severe empirical problcms.^ Some type of metaphoB seem to be processed 
nonoptional!.y...Glucksberg et al.(1977) presented sentences of the form 
"some X are Y" in a sentence verification task. Embedded.within a long list 
of simple sentences were literally false but metaphorically true sentences 
such as "some roads are snakes:" People took significantly longer to re- 



spond "false" to such sentencs: The availability of a "true'^metaphorical 
meaning seemed to produce Stroop-like interference, presumably becaose 
people could not inhibit their understanding of the metaphor. 

Within discourse contexts, metaphors may be understood as quickly as 
literal statements; Ortony et al (1978) compared the tiiile required Id under- 
stand how a target sentence either literally or metaphorically fit with (sj 
an impoverished prior context, or.(i>) a fully adequate prior context. WitE 
impoverished contexts, literal and metaphorical usages took 4 and 5 seCj 
respectively, to understand. With adequate contexts, literal and metaphori- 
cal usages were understood equally quickly. It would seem !hat liteial 
sentence meanings have neither temporal nor informational priority over 
alternative nonliteral meanings, Tk alternative readings of a sentence may 
be equally accKsible, just.as the alternative readings of word sense may be 
equally accessible, provided that there is sufficient contextual information 
to guide comprehension. It should be noted that comprehension in the 
Grtony et al study of metaphor was operationally defined in terms of 
integration with a larger unit of discourse, i,e, a prior context. Within such 
larger units, it seems unlikely indeed that canonical, literal sentence repre- 
sentadons would always be generated, only to be discarded when contexts 
so dictate. The altemative-a constructivist interactive model-would swm 
more efficient and plausible. Unfortunately, however, this plausibiiity may 
have been bought at the price of vagueness. 

DiseeURSE eOMPREHENSiON 

Conversations and prose narratives are coherent to us because we use 
various cohesive devices to.link constituents together, and because conver- 
sations and texts usually display some global organization. The relevance 
of thee text priDperties for studies of human memory has been described 
in Craik's recent review (1979); Weconsider repreentative research on how 
coheion and organizational structure function in discourse comprehension. 

Comprehmon Strategies and discourse Cohesion 

During conversation, listeners use inference about a speaker's intentions 
to help arrive at coherent understandings._Thee inference are based on 
knowledge of cdhversatiohs iii geiieral as well as bh the speaker's iitterahces. 
Grice (1975) proposed that succesful inteipeiisdnal cdmmUhicatibh de- 
pends on an implicit cooperative principle. This principle subsume four 
conversational postulate, or maxims: be. informative, trutWul, relevant, 
and perspicuous. Thee maxims, if obeyed by speakers, and if believed to 
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!'?.°'*y«l'?y 'l^tfiiers, provide a basis for making inferences about a speak- 
er's intended meaning: 

One instantiation of the relevancy maxini is the given-new contract. This 
presumes that utterances provide new information, and the contract re- 
qiiiris speakers to sipl which parts of an utteramarejiven (old) infor- 
mation, and which are new (Clark 5; Haviland 1977). This signaling can 
be accomplished in alternative ways, using linguistic as well as paraliiigiiis^ 
tic cues. A linguistic cue is illustrated in the sentence sequence "Horace got 
sljrae bwr out oT the car, The beer was warm/VThe use of the deS 
[^■^'li^.^^'^f'"!' W^'^ of t'ser signals that it is the same beer that Horace 
had taken oat ofthe car; The existence of the beer is given; that it was warm 
is the new information. When such cues are not used appropriately, then 
listeners must engage in additional inferentiai activity, as in ''Horace got 
some picnic supplies out ofthe car. The beer was warn," Here, both the 
^'''?'A""_ °f '''2 ^''tl. i's temperature are_new, and listener take longer 
to comprehend that sentence (Haviland k Clark 1974). 

Other linguistic devices that can signal given-new information are ellipsis, 
pronominalization, word order, and stress (Halliday & Hasan 1976); Mac- 
Whinncy & Bates (1978) examined liow several such devices are used in 
English, Hungarian, aiid Italian, As we might have expected, ihe three 
languages differed markedly in the relative availability and strategic use of 
these devices. However, all three had ways to mark given-new inforiiiatidii, 
and these were used to implement the given-new contract. 

Detailed stiidies of how people establish reference correspondences pro- 
"''A^"'^.^^'!_1''''^"^^. f^^A <liscourse comprehension involves considerable 
inferential and problem-solving work. When people converse there is an 
impljcit.understanding that they are talking about the same things (Clark 
& Marshall .l.978),.How are such understandings, or reference correspon- 
dences, established? At one extreme, people use word substitutions and 
pronouns, e,g^"Look at all that white fluffy stuff. It's pretty, but I wish the 
snow would melt." The words "stuff," "snOw," and "it" all have the same 
referent, and listeners have no trouble in making this identification (Roches- 
ter & Martin 1977), Other relerential identifications require more complex 
inferencK, as iii the beer bridge mentioned above. 

..M™5L^i"_^'"i®„'^°'y ^W. from a listener's efforts to inier a 
speaker's intended meaning, it also derive partly frorii the Organization of 
a conversation (Schenkein 1978). Topic organization, topic shifts (Goode- 
iidiigh & Weiher 1978), and the.regulation of turn, taking (Sacks et al 1974, 
^fjske 1977) are signaled by a variety of linguistic and nonlinguis- 
tlc cues, such as idea completeness, facial expressions, gestures, and intona- 
tion. These cues can be used to discriminate between, a speaker pausing 
{a) to think, (i) to breathe, or (c) to allow a listener a turn to talk; 
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Interactive devices like th^e are not available to readei^ of stories aiid 
texts; and so readers must rely more heavily on linguistic conventions and 
knowledge schemata. Many textualjinguistic device are the same as those 
iised ill cdhversation, iricliidihg definite reference, pronominalizatioii, and 
anaphora; Readers also assume, with good reason, that successive seiiteiices 
are related to one another unless otlierwise marked (Kabedandt £ Binghafft 
1978). 

Wheii a text does not provide explicit bridges.betweeii siiccwsiye seii- 
tences, listeners and readers make whatever inferences are required to 
provide coherence (Crothers 1978, 1979; Warren et al 1979), Consider these 
alternative venions of a sentence sequence: "The millionaire was murdered 
(died),. The killer escaped," If "died" is used, then an inference is required 
to bridge between "the killer" and the millionaire's death. This inference 
is not required if the word "murdered" is used. Using an eye-monitoring 
technique. Carpenter.^ Just (1977) found that readers spend aboiit 0,5 sec 
longer inspecting the phrase "the killer" when "died" is used instead of 
"murdered," Readers also regress to the preceding sentence to confirm their 
ihferr.ice, Similarly, distortions of topical and inferred relations cause dis- 
ruptions of fliieiit shadOwiiig (Liridig 1976) and of oral reading performance 
(Danic5 etal 1978); 

_.Do readers draw inferences whetlier or not an inference is required? 
Clark (1977, 1978) suggwte. that only, those. that actually, contribute to 
coherence are drawn, and Hildyard & Olson (1978) report that this ability 
may develop early. Fourth-grade children not only draw those inferences 
that are required for story coherence, they also discriminate between those 
that, are useful for story understanding and those that are not. 

Most of the cohesion-tttabljshing devices we have discussed are used 
within relatively small units of discourse, e.g. referential correspondences 
between pairs of adjacent sentences. More global organizational aids may 
be found in larger text structures; 

Text Coherence: SchematQ and Gmmmm 

The potential importance of scheinata for leiidihl coherence to narratives 
is nicely illustrated by vague texts. TTie sentence 'The haystack was impor- 
tant because the cloth ripped" is syntactically well formed, contains no 
anoihalous semantic relations, yet is quite difficult to interpret. If we infer, 
or are told, that the sentence is alwut a parachuting accident, then the 
meaning becoras clear (Bransford & McCairell 1974). Both comprehen- 
sion and recall performance are dramatically improved when such thematic 
information is provided; specially if it is provided either just before or 
immediately after the text. If recall is delayed and the thematic informatitM 
given just before recall, it is far less effective (Gofer et al 1976, Dooling A 
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^'!^"?^i!?Jl!'^)il^^^^^^^^ ^lifi effects of alternative themw and 
Contois on paragraph and story memoty parallel their effects bh sentence 
memory. For example, Anderson .& Pichert (1978) used ambigflous stories 
with alferiiaiivc theiiiatic perspectivK. A tour of a house could be described 
['?-"!..^? P^^P*]^.*'l °f '^^^'^^ ^ prospective buyer or a burglar. Recall 
protocols revealed bias in the expected directions, whether the perspective 
was established before or just after the story. This suggests that thematic 
information can aflat botli selective encoding and selective retrieval 
(Hasher & Griffin 1978), 

The dects of thematic inforiiiatibh on story recall have usually been 
interpreted in terms of Bartlett's (1932) concepts of schemata and recon- 
structivc memory. What kinds of schemata do people use to interpret stories 
and to guide their reconstructions? A dominant set of schemata are our 
°"'^™'['"8Lof j"'^^^^^ and social interactions, and of people's 
psychological states and motivations in eve^day situations (Bower 1978). 
An explicit .formalization of this Icind of information has been attempted by 
Schank & Abelson (1977) in the form of scripts, A script lists, in hierar- 
chical form, the expected aiid appropriate sequences of actions and events 
in specified contexts, For example, a restaurant script would prescribe an 
event sequence which includes entering, being seated, ordering, eatiiig, 
paying the bill, and leaving. If we read or hear a narrative with one or more 
script-prescribed events omitted, such as leaving a tip we tend to insert it 
in sDbseqDent recall. Bower et al (1979) found that people tended to agree 
on what are sensible and plausible scripts and on how to partition scripts 
into scenes. People also tended to remember script events in canonical 
order, to fill in routine script events if they are left unstated, and especially 
to remember Salient, uiiexpected additions. In other words, people share a 

use that knowledge when they read and remember stories; 
■Scripts and other scenario-like schemata derive from the 'contents of 
nari^tives, They are analogous to the semantics and pragmatics of sen- 
^^"^.^v^" '^* are analogous to idealized 

syntactic descriptions have been proposed in the form of content-free stbiy 
grammars. Some of thwe adopt formal, rule structures like those of genera- 
tive grainmars,particiilarly those that have' been applied to relaiively stan- 
dardized story formats such as folk tales and children's stories (Rumelhart 
i?75, Mandler & Johnsoij 1977, Thomdyke 1977, Steiii'S; Gleriii 1979). 
More general structural descriptions that are applicable to any prose texts 
have also beeti prbped. These attempt to characterize how people impose 
hierarchial structure on propositions that may be derived from texts 
(Kintsch 1974, Frederiksen 1975b, Grims 1975, Meyer 1975, van Dijk 
1977). 
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Dspite piincipled diSerencs.airiong th«e proposais; they shsis the 
asstimptions (fl) that prwe material is encoded in hierarchicaljy organized 
f'^-^^'iMO^) ^^^^ ^^^ ^^'^ unit of encoding is propositional. Fourbaslp 
empirical findings provide support for such text grammars in geneiai: (a) 
Information at higher, more general levels in a hierarchical r^rsentatibii 
is remembered better than lower-level details (Meyer & McConkie 1973, 
IGntsch el al 1975, Gehtner 1976), (S) When people are ^^^^ 
a given text, the jummariK rwembledelayed-recall protocols in that only 
higher-level information ^pears consistently, and it does so iii stnictured 
order (Kintsch 1977, Rumelhart l977b, Kintscii & van Dijk 1978, Glenn 
1978), (c) Prose that is pr^ented in grammatical or canonical order is easier 
to Dndei^tand apd to reiiieiiiber than prose that is presented out of order 
(Meyers & Boldrik 1975, Kintsch et al 1977, Mandler 1978, Stein & Nez- 
worski i?78), (i) Theoretical prose strueturs predict the coiiipreheiisidh 
and recall performance of people who already have the appropriate 
schemata better than that of people who do not^sticli as children (Poulsen 

and people who lack important technical knowledge (Krlilee et al 1979). 

Unfortunately, thwe data are not sulcient to discriminate among the 
varibus cbinpeting alternatives fcf Rubin 1978), Meed, many of these 
°#%_.^2ported in 1894 by Binet & Henri (cf Thieman &. 
Brewer 1978), The difficDltis associated with fbriiial syntactic analyses of 
sentences have not been resolved by applying analogous formal structures 
tb disiJbiirse. As with sentences, people tend to pay attention to and reraem- 
^"lP^^o".a''y rfi'i^^aJ^t information, with little regard for ab- 
stract context-independent structures; Aiiybiie whb has taught lecture 
cl^es knows only too well that students often remember the "wrong" 
iiifbimatioh, such as jokes and extraneous remarks, better than the main 
ide^. This intuition has been niefully confirmal by Kintsch ^ 

^^'^l^"^^ ^eili'iilt liot. Formal repre- 

sentation of text structures can be useful when it is coupled with explicit 
processing models. Kintsch & van Dijk (1978) provide an encoaragiiig 
exaffijjle in their attempt to account for the detailed characteristics of 
summary and recall pfbt()cbls.:They r^ort sbiiie success in modeling both 
summarization and recall performancs by using selected constramts that 
are derived from a general information processing theory, together with 
their specific prpitiohal description of the texts. Their model has been 
of therelative feadability of texts with some 
success as well (Kintsch ft Vipd 1979). Perhaps the most useful oiitcome 
of current approach^ ta text comprehension will be more practical than 
'?®^^[^!' The kinds of quKtions asked, and the kinds of answers pro- 
vided, should find applications in designing and assessing instructional 
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texts, and may provide guidelines for designing human-machine interaction 
systems; 

TRENDS AND FUTURE DIRECTIONS 

Oiif review has been highly selective arid perhaps idiosyncratic. To the 
extent that it accurately reflects the ield» two general trends can be dis- 
cerned. One trend is exempliled by a concern with language processing 
within larger psychological contexts, and by an emerging consensus that 
cbriliiiiibus interactions among sources of information is a central charac- 
teristic of such language processing. In effect, this implies rejection of the 
standard, lingaistically based model of language processing in which com- 
prehension was accomplished in sequential stages, from lower-ievel units to 
integration with context. From one point of view, this represents a with: 
drawal of psycholinguistics from interdisciplinary cooperation, Formal 
lingaistic theory no longer provides candidates for idealized, literal, con- 
text-free sentence representations. 

A second trend, which has been implicit in our review; is a movement 
toward more interdisciplihary iriteraction iri the larger enterprise "of cbghi- 
tive science. There are signs, including two new journals-Cop^/veJc^^^^^ 
and discourse Processes-iWi the separate disciplines of psychology, lin- 
guistics, computer science, anthropology, sociology, and philosophy, might 
begin to recognize shared interests in and complementary contributions to 
the study of human mental life. Whether this promise will become reality 
is unclear; Johnson-taird strikes an appropriate note of caution in his 
argument for the utility of artificial intelligence as an approach to the study 
of language: "Psychological processes take place in time, and so, too,_do the 
operations of computers. Perhaps the metaphor can be pushed no further 
than that, but there does not seem to be aiiy other eqiially viable alternative" 
(1977a, p. 213). 

Social interactions in everyday situations also take place in time, and 
these may provide the models for more detailed and specific analyses of how 
linguistic, cdnceptiial, pragmatic, and Iritefpersbrial mechanisms interact iri 
natural language use. The next 5 years should see progress beyond demon- 
strations of context.effects and arguments based.upon pjausibility. in the 
meantime, we have learned more about the complexity of normal language 
processes arid abbiit the general characteristics of pbteritially adequate lari- 
guage-processing theoris. There is an emerging consensus that such theo- 
ries will have to provide mechanisms for interactions of information from 
the most specific arid sensory to the most general and conceptual. Such a 
theory will riot be specific to psycholinguistics, but to human conceptual 
DTOcessing in generat 

ERIQ : 



EXPERIMENTAL PSYCHOLINGUISTICS 41 1 



RECENT REVIEWS AND TEXTS 

For aspects of psycholinguistics not covered here^ see the follbwihg: rieurb- 
linguistics (Whitaker 1976, Miller SLenneberg 1978, Walker 1978), speech 
perception (Darwin 1976, Kavanagh i Strange 1978, Pisoni^l^ 
production (Garrett 1975, Rosenberg 1977, Deese 1979), referential com- 
raonica'tion (Asher 1979), language acquisition (Abrahamsen 19_?7, de Vil^ 
liei? & de Viljiers 1978), sign language (Schlesinger k Namir 1978, Klima 
&Bellugil979). 

General introductions to the field are provided by several recent texts, 
including Glucksberg & Danks (1975), H. S. Gaims & C E Cairns (1976), 
H, H. Clark & E V. Clark (1977),Foss & Hakes (1978), Palermo (1978), 
and a second edition of Slobin (1979). 
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jdSEPH H. DANKS 

Kmt Stati Univmity 

"In order to read with comprehension, all the beginning 
reader has to do is pronounce the words correctly at a 
reasonable rate. His oral language comprehension processes 
will then suffice," Many researchers have tacitly assumed this 
proposition in their interpretation of research results and in 
their proposals for reading programs. Others have assumed 
■the opposite, namely, that reading comprehension requires 
cognitive processes that are differe"nt in some major respects 
from those of listening. The fr.ct that these assiiriiptions are 
rarely made explicit should not lull us into dverlodkiiig them. 

. Researchers have presented few data -to support either 
assumption. Indeed, a cursory review of the literature reveals 
that data sufficient .to. resoiye the issue are not available, 
primarily , bkause of flaws in the rationales, designs, and 
procedures of the studies. 

This chapter is divided into three sections. First, the two 
extreme positions are identified and elaborated, drawing from 
published writings of several well-known reading profes- 
sionals. The implications for educational programs that follow 
from assuming each stance are identified. In ,particular, how 

. one teaches reading and/or English ahd/dr language arts in 
the later elementary school years is. determined in large 
measure, by the assumed . relation between oral and printed 
coinmunication systems, In the.secohd section, methodologi- 
cal problems with empirical stucljes that'bear on the issue are 
reviewed and illustrated. Finally, a task analysis is proposed 
that wolild direct research toward a valid cdraparisoii of 
listening and reading-comprehension; , , 

The discussion here is limited to what has been 
commonly called the comprehension aspect of reading in 

. contrast to decoding. V^ord identification, which completes the 



decudinn phase, provides the grist for comprehension, How- 
ever, when the dichotomy is pressed. it is difficult to majntaini 
for example, Ryan and Semmel (1969) describe the "down- 
stream" influence that comprehension has on decoding. The 
decoding phases of listening and reading are necessarily 
different by virture of the different modalities of input and the 
aniount of control the recipient has over, the input flow. A 
listener has minimal control ovci' the auditory signal which 
■^^P^^'L^^^^.^'.^ ^^.^J^^er hand, has reasonably 

complete control over the amount and rate of visual input 
which is continuously available for reprocessing: if there is not 
a sharp break between decoding and comprehension, as there 
^^^''MV ^k^^^^ different processing mechanisms at 
the decoding end may have a marked influence on the later 
comprehension stages; In general, this chapter focuses on 
comprehension and not. decoding although this separation 
may be a fiction that ultimately cannot be maintained. 

The Two Extremes 

A Unitary Comprehmsion Process 

^„There has been considerable discussion about _the 
relation between a reader's processing of .^eech andnrint. Two 
conferences, reported in Kavanagh (1963) and Kavanagh and 
Mattingly (1972),_were devoted to exploring this relationship. 
In the first conference, Aivin Liberman discussed several 
differences between listening and reading. However, all of his 
P'''"^^M".^^A°_^^^^^^ speech and print into language, all 
of which presumably. occurs prior to processing for meaning. 
As conveyed by the title of the report of the second conference, 
language by Ear and by Eye, the emphasis there was also on 
the more peripheral aspects of the relationship, that is speech 
P_^^^!Pj'°'^.2^'^ reading implicitly defined as decoding. Few of 
the papers in that volume even hinted at the problem of • 
comprehension and the similarities or differences as a function 
of mode of linguistic input; For the most part, the participants ' 
did not questior., at least, in the printed record of the con- 
ference, the assumption tha: :nce past word identificaBon, 
the processes of cdni iiehendin; ■ speech and print do not differ, . • 
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The pbsitibii that a iihitary comprehension process i_B 
activated regardless of liibile of iripiit has be^n attributed in 
i-eceiit years to. the proclamation of linguists that speech is 
primary and that print is a poor second cousin in the langua5.e 
family: The position was stated most decisively by Fries (1963. 
xv). 

Learning to read... is not a.proces.s.onearnin|new_or_oth_er 
language signals than those the childhas already learned; The 
language.signals are alHhisarae. The differe 
rtiedium through which thephysical stimuli makecontacMth 

• his nervous system. In 'talk,' the physical stimoii of the 
language signals make their contact by raMsp.f sound waves 
received by the ear. In reading, the physical stimuli of the same 

• languaie signals consist of graphic shapes thiit make ^eir 
contact with.his nervous system through.light wayeireceiyed 
by the eye. The process of learning to read is the process of 
transfer from the auditory signs for language signals which 
the child has already learned, to the new visual signs for the 
same signals. 

Psychologists interested in reading have frequently 
maintained a similar posture. For example, the. research group 
at (Cornell University who have been actively studying_the 
reading process under the leadership of E. Gibson and H. 
Levin, have accepted a unitary comprehension process. 

Futjlications of . the Gibson group.' suggest the model of the 
reader as "speakei;, then hearer." The task of the jreader is to 
translate graphemes intophoneraes.Thisis the taskparticular 
to reading, After decoding to speech has been accomplished, 
comprehension processes associated with speech comprehen- 
sion are brought into play [Wanat, 1971: 8-155]. 

In fairness it should be noted that Gibson (1972) in her keynote 
address to the conference reported in Kavainagh and Mattingly 
hinted that this position may be wrong. She commented that 
researchers have assumed that a Jeader's knowledge of 
grammar for oral lan_guage is. transferred automatical^' and 
directly to the reading process but that this assumption may 
not be justified; ' _ . 

"The. assumption of a . single comprehension process 
,; following initial decoding of either soundor'printalso has been 



roadily accepted, by educators and educational psyclip 
In muliy cases the assumption is noteven made explicit and, 
<«(hen it is, it is noted in passing with the implication that a 
P.^'.l*_.so obvious scarcely bears nientloning. Note these 
examples from two prominent educational psychologists who 
spoke at the institute; 

^^f PfO'^'^sso.f .r^^^^^ differs from the process 

oj.m'uage comprehension onJy in the form of perceiHual 
inputJhe latter works from oral input; the former from visual 
inpiitfGobdman, 1966: 168]. 

Mormanceinreading;atleastaftertHebasicdecotling ' 
skil s are^mastered, is primarily an indicator of the general 
'«7.''yhe individual's thinking and reasoning processes 

loSf f-ilf ^'^^ "^""^""^^ '^''^ skills[Thorndike, 
l"73*^K lo5]. 

^ in sum, a frequently held position is that once the reader 
or listener has translated the particular form of input into an 
abstract codmg, language is language. The language code is 
either an abstract code that is independent of the modality of 
input or a speech code to which print is'decoded. 

^:%.t ^oes holding a unitary process view have on 

educational practice? Many school systems have accepted this 
position, albeit implicitly: Witness the fact that in many 
elementary schools, "reading" as a separate subject is taught 
only in the first two or three grades. At that point the teacher 
stops teaching reading and teaches language arts or English. 
J.^l'!".P^'^'' assumption is that once the child has acquired 
decoding skills, training and practice with one form of 
language wil' insfer to other forms, This educational 
practice is noi .'d on.some amorphous notion of generalized 
I^'stening skills place an absolute ceiling on the level 
of reading skill a child may attain. As Bormuth (i§7^) has 

noted, '|in the tradition and folklore of reading instruction,- a 
student's ability to comprehend spoken language is regarded 
as,an estin.ate of the upper limit of his capacity to learn 
reading comprehension skills" (p; 1134): Such an assumption , 
f ™^.^. if education is to increase reading skills, oral 
language skills must first be increased beyond the desired'level 
of reading; This strategy has been most evident in proposals 



for the remediation of supposed language deficits in speakers 
of dialects other than the iaiect found in primers; Therefore, 
instead of teaching.re.ading of prose, one should attempt to 
increase general verbal fluency, vocabulary, and even general 
knowledge. The only special training neceissary with regarH to 
print would be tii emphasize reading speed and to introduce a 
variety of literature and other reading materials. 

The assumption of a single comprehension process has 
also led to the language, experience approach of teaching 
decoding. In the now popular technique, the teacher writes out 
a story told orally by a child so that he can read it later. The 
implicit reasoning behind the value of this exercise is that the 
child will learn to read easier and faster if he discovers the 
similarity between processing speech and print; Since the 
material is already meaningful to him, the comprehension 
process used for oral language can be more efficiently; and 
smoothly activated while reading. In addition, the material is 
more relevant to the child's here-and-now, which also may 
facilitate comprehension. One cannot help but note from the 
vantage of a dual comprehensive process viewi'however, ffiat 
when the teacher writes dojvn what the child says, he or she 
implicitly .admits that the language found in the child's 
what the child himself speaks, and 
further that the iai;guage the child speaks is better for him to 
practice reading. . If so, then, the comprehension processes 
might hot be the same^for both speech and print. Let us now 
consider the dual process view. 

Dud Comprehension Processes 

As one might surmise from the previous section, few 
researchers in reading ha ve claimed that the compreheiision of 
speech and the comprehension of printinvolvetotally different 
professes, However, some have qUestioneJthe assumption of a 
unitary process: Referring to "a student's ability to compre- 
hend spoken language," Bormuth (1972: 1135) claimed^ that 
"although reading andJistening abilities share some elements 
in common, they.exhibit.substantial differences, and ...we 
can no longer use; listening abilities to estimate reading 
aptitude in the simple fashion we heretofore thought possible." 



. . Wiiavcr and Kingston (i97ibj discussed the difference 
botweeii listening !ind reading from the child's perspective of 
'^.^F.'^J^" <^^^h, They mentioned several differences 
between iearning oral language and learning to read print, 
One point in particular is germane to the present disciissioh. 
"The transfer of 'meaning.' from spoken to graphic representa- 
tation may not. be the_ direct, simple operation commonly 
assumed" (1971b; 8:185). "Meaning", includes mere than 
^'^''"^^^^^^^^^ isolated words, but also the meanings of 

meanings of other sentences, 
context, and the rear'er's prior experience. Thus, in a word, 
"transfer of 'meaning'" Is comprehension: Good oral laii';-uage 
skills are clearly necessary for learning to read. However, the 
im' is whether oral cum prehension skills are sufficient for 
^'^^^'^^ ^^'^^ combined with well-practiced 

decoding si is. 

In hi - "Reflections on the Conference" reported in 
iMnmiic hy Ear and hy /Lyc JiHer (1972) noted a historical 
development that tangentially bears on the point that 
^■'^"'^'■''''^.1"^.'^"^ "Of ^^y- Writing did not originate as a 
more pfirmanent form of speech. Rather writing, as picto- 
^''"aph.s evolved independently of speech as an alternate form 
of communication. This development of writing was consider- 
ably later in man's evolution than speech; Only recently in 
mankind's history, say 3000 years ago, was writing associated 
more difectly with speech when an alphabet was invented. Jt is 
'"^^''1'" .'■^'y.^'^"'^'-^*'^^^ diachroriic arguments lo explain 
i)ntogenetic and syciiroiiic processes, but the historical 
fli'velopment of writing vis-a-vis speech is ■■uggestive that the 
two language processes may not.be ideiHical. 

A final argument that there may. be at least two 
^^.^"■.••"".4"". P™C'^s^«'-''*-o"e for listening and one for 
readintr -comes from the notion that speech and print are 
sufficiently different so as to demand different processing 
strategies, It i.s often, assumed that the way we talk is 
considerably difierent from the language of what is read; What 
^^'.'^'.1.'^^..^ "sufficient" difference to, necessitate different 
compreliension proces.^es? In what respects is print different 
fntm speech? ?\ristotle claimed that "the style of written prose 
ivs not that of spoken omtory" (1928, p, M13b). Has knowledge : 



on this point advanced in the intervening 2366 years? Many 
would claim that there^e large differences, in grammar, 
vocabulary, and style in what we write and in what we say. To 
the extent that. differences are present, there well ihay be 
concomitant differences in the cognitive processes required for 
effii;ient extraction of rrieaning. Material prodiiced for one 
channel is comprehensible when received in the opposite one, 
but processing may be more strained than when compatibility 
of production and reception modality is. maintained. . _ . 

Now consider.what one would do in the classroom if the 
dual process view of comprehension were correct. Most 
importantly, once the childjs able to decode one would not stop 
teaching reading. The teacher would teach reading specific 
skills that would lead to more efficient and faster reading. 
Among these skills would be previewing, outlining, maximiz- 
■ ing the amount of material per fixation, and minimizing 
regressions, The teacher could also teach those comprehension 
skills that are peculiar to pidht. For example, how to analyze 
the structural properties of prose sentences and paragraphs, or 
how to follow the styles of thesis development and argumenta- 
tion would he appropriate. Knowing specifically how speech 
and print differ would- be important in designing these 
curricula." Cleariy, teachers must not igm- -peech and "oral 
language skills: they are much too critical to relegate to 
hajjhazard development: Based_ on any real differences 
uncovered betwec:' speech and print, app:'opriate instructional 
programs could be developed. 

A Comprmise 

The positions dra\\n here are extreme ones: Those whc 
claim dual comprehension processes.certainly wouid not be so 
.extreme as to sa; that tihe two processes are totally unrelated 
systems triggereci by .different modes of input. Like'wise, it is 
unlikely that those who hold- a singleprocess view would say 
that there are no" differences whatsoever. Some intermediate 

position is more probable. " , 

The processing that the listener-reader must perform on 
the input may be heavily influenced by the p.urpose for which 
he/she is attending to the material. Typical listening situa- 
j 'tions are conversing over coffee or cocktails, and listening to 
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the news (in TV, Common reading contexts a'-e reading the 
newspaper for information and a novel for entertainment. To 
^^^L^.'^??"fJ'^^-°^^^'cal and experimental .conslderationjs 
apply to these typical situations must be carefully evaluated, 
The. issue is .more than the usual plaint about the generalize 
ability of laboratory findings to the "real world," however, 
bc(:ause there are so mnny real world contexts to be accounted 
for. Is it reiisiiiiable to assume that a single comprehension 
process can be (Icfihed for the multifariousrcal .world contexts? 
Is listening compression in a. conversation the same process 
as listening comprehen.sion of a lecture? Or does the latter 
process have more in coinnion with reading a text oil the same 
topic? What aboul roading a play? Don't we hear the players 
speakiiig to us froi-i the stage'? There well may becommonal- 
'^.'.^^.^"J1^!^"*."^'^''''^ ^■''^ding comprehension, as well as some 
''''^''^''''■^■^on .^'J'i'^ ^vide variety of tasks, that 
are inclu.decl under 'he labels ''' stening" and "reading" will 
eventually ber.'ces.-ary. In th? longrnnian absolute answefto 
the question <:: wh •her l^s. ning and reading comprehension 
are unitary or iiol . ' >y not ho poi^sible because there is as ach 
""■ '."""f^...^^^^^^^^ ^'''hin each skill than betwpririhem, 
Be}breevalaatin;,!Nw(iiissibility,letusreviewth 
bear on listeninr, 'ni reading. Is the. evidence ndequak: to 
identify in sufficien.t detail points of similarity arid dilitrence 

inlisteningan'!rt'adingcomprehiTisionsofhatonecanspecify 
the underlying processes? 



The Evidence 

Superficially, the experiiTiental design forTesolving the 
question of whether listening and reading comprehension are 
the same or differenl is Nimple. Present "identical" materia! 
aurally (as speech) to one group of sul jects and visually (as 
print) to another, then test their comprehension, Jf equal 
amounts and types of material are comprehended, then 
listening and reading comprehension processes are likely to be ' 
the same (unitary), but if different amounts are comprehended 
then the processes must be different (dual). However, there are 
numerous logical and methodogical pitfalls in such an 
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experiment. These problems can be categorized as relating to 
presentation conditions; s'nbject characteristics, langtiage 
materials, and.'comprehension measures. As the re.search 
relevant, to. each of these. four major classes of variables is 
reviewed, pitfalls are identified and designs that mightbe used 
to circumveiit those particular problems are suggested. 

Premtation Conditions 

The primary manipulation for the comparison of 
listening and reading comprehension, is, of course, whether 
the material is presented as speech or in print: Yet there are 
certain physical properties of the presentation media as well as 
gross dif^rences in listening aiid reading decoding that must 
be coilsidered to insure cOiriparability of the two cdhditidns. 

■ The presence of suprasegmentals in speech undoubtably 
facilitates the listener's veridical understanding of the mes- 
sage. Although punctuation marks may provide some of the 
same type of information to a reader, it is doubtful that they 
can code anywhere .iar as much information as siipraseg- 
iiientals can. The set jf punctuation marks is far siiialler thaii 
the range of stress, intonation, pitch, and speed possible in 
speecii. :, 

• .Uiider typical reading conditions a.large segmentof the 
material is before the reader at any point in time, while during 
listenirig the listener has. access only to a relatively short 
seginerit amdlifitiilg to ilb more thaii a few words or phrases. 
Since it is difficult, i^not impossible, to provide a listener 

■ access to a larger segment of material, an investigator must 
focus on. restricting the. amount of material available to. a 
reader. This restriction should be effected without causing the 
reader to alter substantially thd processes he normally uses in 
reading. A Htnited amount of rnateriali say a line or two of text, 

■could be presented for a relatively brief period (Young,' 1973); 
eitlier at a fixed rate oi.subject paced, Too fast or too slow a 
presentation. rate .would reduce co.mprehension. because too 
much or too little irrformation would be available to process. 
The size of the segment presented and how it is segmented 

„ would also be hkely to influence the fluidity of reading. Since 

-'subjects integrate at the end of clausal boundaries (Bever, 



units would facilitate comprehension, 

A second .difference between listening and reading 
preseiitation modes is the amount oLtime that the functional 
stimulus is available to the subject. Because of differences in 
fJTi^L'^.'*'M'"tJ and reading rates, time is likely to differ 
markedly nniess specifically controlled. Typical silent reading 
rates are two to three times faster than normal speaking rates 
(lOO.to 150 wordii pur minute for speaking versus 300 to -lOO 
words per minute for reading;, Thus, readers given the same 
length of time to read a passage that listeners require to hear 
[hat same passage may have time to rehearse or reread the 
material; Though many studies have equalized listening and 
reading times (Gorey, 1934; Durrell, 1969; HorOwitz, 1968; 
Horowitz and Berkowitz, 1967; Sticht, 1968), they failed to 
eiualize functional listening and reading times; Since compre- 
hensibri was tested with immediate recall, they compared 
memory in conditions with functionally different study times. 

One solution to this problem has 'been the use of 
compressed speech; The most cominon technique to compress 
speech without increasing the pitch is to excise very short 
ivgments (shorter than a .single phoneme) on a random basis, 
i^fumerbus studies have shown that spe.ech compressed to '^75 
t*;^?.!;; Yords per i^iriute, close to typical reading rates^ can.be 
Or no loss of comprehension (Fcuike, 
?''ssiter, 19'. 1); Compre;<;sion to higher rates results in a 
sharp drop in comprehension although comprehension can be 
maintained at rates over 400 words per minute with training 
(Orr, Friedman, and Williams, 1965), Even elementary school 
children are able to comprehend compressed speech at rates of 
225 words per minuje (Woodcock and Clark, 1968). Jester and 
Travers (1966) tested ccllege students for comprehension at 
listening and .reading rates of 159 to 35G words per min'iite 
with a multiple-choice test. At the lower speeds (about 200 
words per minute) listening wasgenerally superior to reading, 
^...'.ll^'^'L^.'gl^^r speeds (about 300 words per minute) reading ' 
was superior. Not only does compressed speech permit the 
equalization of study times for reading and listening, but also 
the fact that the maximally efficient input rate is the same for ■ 



listeiiing .and reading. suggests that there may be some 

commonality in processing' 

. As .a practical matter, educators have frequently 
considered whether there is .transfer Of listening comprehen; 
sibn training to reading, particularly in elementary school 
children. If listening and reading comprehension are handled 
by a single process, then training in jne. should produce 
equivalent improvement in the other. But if there are two 
distinct processes, or processes that overlap only marginally, 
then the transfer shbiild likewise be marginal. The frequently 
obtained moderate correlation between scores on standardized 
listening and reading test?(cf. Duker,, 1965; Kennedy, 1971) 
does suggest the possibility that improvements in listening 
skills may facilitate reading acquisition. 

Reviewing five reviews of the literature on whether there 
is transfer from listening training to reading, Kennedy (1971) 
found three early reviews that concluded there was positive 
transfer. However two later ones, as well as br own review, 
concluded that there wire only inconsistent or no effects of 
listening training on coding skills, Most of the studies reviewed 
took a ,'ather limlied view of potential transfer variables. Many 
of the studies (e.g., Lewis, 19^2) trained general listening sldlls 
stich as, determining the main idea, noting details, and 
drawing conclusions and inferences; They then tested for 
general transferto reading achievement. Not surprisingly, the 
results did not shov/ clear transfer effects. 

On a spific level, positive transfer does ^ 
(1966) and Thomas and Rossiter (1972) four.d that reading 
■ practice paced by listening to CDrapressej sp'^ech increased 
normal reading rates up to 356 words per minute: Further, the 
increase in reading rates was not accompanied by my loss in 
comprehension and the effects on reading were stili prener-t 
nine months after the cbriclusipn of only ten days of training 
(Thomas and Rossiter, 1972). 

Kennedy (1971; Kennedy and Weener, 1973)_ tested 
whether training on listeningorreadingcomprehension would 
improve comprehension in the c '\i mode. Third graders who 
were below grade level readers v^^nt trained, for five 20-minute 
\sessions on either a written (readi'"'') or oral (listening) cloze 



prociiduro. The)' wx-re then tested on the Dtirrell Uslenihg; 
lleadinif Series and on niw cinzc comprehension tests hi both 
^titteri and oral forms. Trmr-iig un either the written or oral 
'^'"^^ l'^^<^"ce<^ equivalent fooitive transfer on both the written 
^ ^^^9"^^^°^ tests. The effects on the Durrell 
^5:^^'*^"'°.'^^..^J^'^Pl^^^^^^^^^^ Relative to. an oral 
reading control group that received individualized attention, 
traihihg on the written cloze improved reading coiTiprehen.sion 
but not listening comprehension, and practice on the oral cloze 
procedure had no effect on either. 

While the equivalent cross^ and within'mode transfer' 
from cloze training to cloze test was con.sistent with a single 
comprehension process, the pattern of transfer to the Diirrell 
tests was not consistent with that conclusion: The prediction 
training implicit in a cloze procedure may be a relatively 
.• skill that depends as much on nQnllnguis- 

tic knowledge as it does linguistic rules, Thus, there was 
speciric transfer of the skill regardless of modality. Further, if 
reading but not llatening comprehension involves the predic- 
tion skill trained by. the cloze procedure, as does not seem 
unreasonable, then the transfer pattern to the more general 
?°™l..^st .is expected. Whatever the explanation, these 
^^^^^j^ '^^.^"''^_^°"^P''C^teany conclusion of a unitary compre- 
hension process; . 

Subject Characteristics 

The most obvious variation in subjects relevant to 
listening and reading is age. Chronological age is not itself the 
'^M M^I'le. but variation in age is concomitant with 
several acquisition variables that interact v.lth listening and 
leading. Children usually begin to speak (and to listen) and to 
read (and to. write) at quite different ages and the rates of 
acquisition of oral language and reading also may be different. 
In addition, the typical context in which acquisition occurs is 
M^^io"^ speaking and listening and the school for reading . 

these age-related differences in the " 
^mporal and social context of acquisition, comparison of 
listening and reading at a single chronological age may not be 
a fair comparison, The linguistic and conceptual complexity of 
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the material that can be pcessed easily may differ between 
listening and reading when tested at a single age. The selection 
of a subject at a particular age or a decision to systematically 
vary age musf be carefullyevaluiited. 

Although subjects from, age.six (first graders) to early 
twenties (college students and military personnel) have been 
tested in one experiment or another, most studies cbmparihg 
listening and reading comprehension have concentrati5d on a 
single age or at best a limited age range: Considering only a 
sample of studies, elementary school children were tested by 
Kennedy and Weener (1973), Swalm (1971), Oakan, Wiener, 
and Cromer (1971); high' school students by Thomas and 
Rdssiter (1972); college students by Siiiger (1970), Abrams 
(1966), Corey (1934), Horowitze (1968), and Horowitz and 
Berkowitz (1967); and U.S. Army recruits by Sticht (1968). 
Because of the multitude of different materials and procedures 
used in testing subjects among these studies, no developmental 
conclusions can be drawn from what is basically a collection of 
unrelated crbss-'sectibnal studies. , ; 

One study (Durrell, 1969; Duirell,, Hayes, and Brassard, 
1969) attempted to compaise listening and reading comprehen- 
sion across a relatively wide age range, albeit for the purpose of 
validating a test instrument: tests of listening and reading 
abilities were constructed in three leyels covering grades one 
through eight and were designed to test bo.th vocabulary and 
either sehtehf i! or paragraph comprehension. Since 'at each 
level the same .langtiage comprehension tests were used on 
carefully equated forms, the raw scores were purported to be 
comparable: In a large scale administration of the test to three 
to four thousand children at each grade, listening vocaBulary 
was much superior to reading' vocab'ulary at grade one (by a 
factor of tw'o), but these vocabulary scores were comparable by 
grijde eight. Sentence-paragraph comprehensidh also started 
oM with listening comprehension better than reading compre- 
hension by a factor of two'- but comparable scores were 
achieved by gr<'i!i3 six, and at grade eight reading comprehen- 
sion was 12 peiC'-nt superior to listening comprehension. 

Durrell's r^itionale for constructing 'the listening-read- 
'ing test was that, assuming a unitary comprehension process, 
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listening abilities set an upper limit on a child's potential to 
read. Thiis, listeiiihg comprehension should always be supenor; 
(ir at least eqlial, to reading compre'hensicn,. The vocabulary 
resalts were consistent \vith this rationale although at grades 
higher than those tested reading vocabulary might even be 
superior .to listening vocabniary; However, the sentence- 
paragraph comprehension rosults were clearly inconsistent 
with the rationale. Durrell retreated from his original position 
to claim that "when comparing reading, and listening, the 
higher score of.either indicates a ootential for the other" (1969: 
456). 

. . Although these resolts appear to suflport dual compre- 
hension processes, the Durrell test \s too fraught with practical 
problems to draw any firm conclusions. For one example, 
"'^'^''M^A^^ ^vas constant for both listening and 
reading; this procedure can result in marked ufferences in 
actual time available for processing, For another, the items for 
the comprehension test were .selected for their psychometric 
properties rather than for their ability tn tap the anderiying 
processing. In addition, some reading was required as part of 
.rani prehension test, resulting in a possible 
skills, Thus, although 
the test scores may have statistical comparability, they are 
probably based on very different scales and should not be 
directly compared. 

No one has attempted to separategeneral developmental 
effects from those associated with specific training in reading, 

1969, 1974). Does the difference in absolute level of reading 
achievement of, say first and third graders, reflect only 
schooling, or might not some of.the difference be attributable to 
general maturation or cognitive development? To separate 
completely these variables would require carefully matched 
samples of literate and illiterate subjects at all ages, a practical 
impossibility and perhaps a theoretical impossibility as Well. A 
le.ss extreme strategy to separate these age-correlated changes 
is to compare good and poor readers. The procedure for 
obtaining a proper match between good and poor readers isnot 
^''"■P'^' ^"i'^^J^ t^st -iotonly goodand poorreaders 

of the same chronological age, but also good readers of a' 
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yoilnger chronological age with the saine "reading age" as the 
older poor readers. UiifOrtUiiately, investigators do notajways 
take pains to forni their groups such that a difference in 
reading performance is the only distinguishing characteristic. 
For example, Swalm (1971) tested children in grades 2, 3, and 4 
[or listening and. reading comprehension by a cloze procedure. 
Reading comprehension was better than listening for above- 
average readers, but the reverse Was triie for below-avwage 
readers; listening and reading comprehension scores were 
equivalent for average readers; However, the classifications 
probably reflected more general cognitive differences as well 
as differences in reading performance, . . . 

In contrast to Swajm, Oafcan et al,il971) matched good 
and poor readers on both age and IQ. They found that good 
• fifth-grade readers comprehended standard text equally well 
when they listened to tape recordings of either another good 
reader or a poor reader. But, when they read it themselves^the 
good readers comprehended the standard. text better than 
when they read a transcript of the poor reader reading aloud. 
Thus, for good readers, degradation of 'the inpiit effected by 
filtering it through a popr reader was more disruptive of 
reading than of listening: jn contrast,_poor readers' listening 
comprehension was disrupted liy the poorly organized input 
from another poor reader, but jhe already poor reading 
comprehension was not improved by supplementary training 
oh word identification: Perhaps, iii accordance with a unitary 
view of comprehension, one of the reasons that poorreadersdo 
not read well is that their listening comprehension skills, 
which may he necessary for good reading comprehension^are 
not well established as evidenced by the ease with which they 
were disrupted. . . 

Another approach to the iiivolvement of listening 
■processes in reading comprdiehsion comes from a study of 
■ dgaf readers. Gonrad (1971) compared reading comprehension 
of deaf and heanng children following both silent reading and 
reading aloud. The deaf children were divided into those who 
used articulatory coding on a short-term memory pretest and 
those who did not use articulatory coding. While the hearing 
, children and the deaf articulators compreb nded equally well 
in both reading conditions, the deaf noiiarticulators were 



(lisrupted .by lieini^.nriuired to reaii aio":'l: Ait!: , a!i if the 
(leaf children could speak, none of thir readinii (,: :•. : l;m 
been mediated by acoustic coding since all. were. profoundly 
deaf from an early age. While sbiiie of the deaf chilaren the 
articulators) used their speech mechanisms to medir^- read- 
ing, others evidently di'l not b-mKo \h> v fteredisrupti^fl when 
required in read aloud. Thus, speech .Kiii? may be functional 
for normal readers, l)Ut are not . necessary. Tiic resuits of the 
normal hearirig children, plus other data presented by Gbnrad 
^"^f^st that the favored mode of coding for normal 
•subje • ■ ohonological even when penalized for such coding. 

Lanmi^e Matcmis 

How are speech .and print alike? How are they different? 

If listening and reading comprehension involve the same 
processes, then written language and speech ought not to be 
too different in vocabulary, grammar, and style; otherwise, a 
unitary processing strategy might not be able to handle the 
differences. On the other hand, to the extent that speech and 
print are linguistically different, then one might expect to find 
differences in the processing of each. Differences in speech and 
print may result from speaker-writer differences because 
feedback sensitive, while print is not. 
Evidence one way or the other cannot be considered conclusive. 
Howeve.r, differences may be suggestive inasmuch as the 
materials set. the task for the listener-reader. 

From the widely scattered studies that have compared 
oral and written productions, the results, for the most part, 
have not been surprising. Oral productions, compared to 
wTitten ones on the same topic, contain more words, phrases, 
and sentences; longer and more difficult words; more verbs; 
more ideas; more elaboration; and more repetition (DeVito, 
1965, 1966; Driemann, 1962a; Horowitz and Newman, 196-1; 
P^i'^^'f- ^9^3). Most studies have also found a greater 

written than in oral producti.on, 

"^"^''y "l^^.^'^'"^^ ^i'.^i.^^'FMe* This finding ' 
may.be.artifactual, however, resulting from a curvilinear 
relation between number of types and number of tokens, since 
more words (tokens) are usually produced in speech. Direct ' 



compi:risons of type-token ratios from different sized samples 
wotld be appropriate only with a linear relation between the 
number of types and the number of tokens (Driemann, 1962a). 

introspective reports 'have indicated that the purpose of 
a. communicatiQn, the subject matter, and.the .characteristics of 
the recipient affected the composition of written productions 
more than they affected oril ones (Driemann, 1962b). Written 
productions are niore precisely composed. As a consequence, 
when production time was Hmited, written messages were 
more efficient as measured in ideas per words per unit time 
(Horowitz and Newman, 1964). But giyen_ unlimited time, the 
faster production rate of spe'ech yielded relatively greater 
efficiency than handwriting (Horowitz and Berkbwitz, 1964), 
Skilled typing and stenotyping increased the similarity of 
manual productions to oral productions, but there still were 
large differences (Horowitz and Berkowitz, 1964). 

One surprising result was uncovered by DeVito (1965) 
when he compared the oral and written productions of ten 
highly skilkd speaker-writers, speech professors at a major 
university. He' found tliat their oral description of topics from 
1 papers did M differ from theprinted versiiin iii 
:in terms ofletters, syllables, or 



words. Further, the written passages contained a significantly 
highei proportion of simple sentences lone subject-verb clause) 
than did oral productions, Whether . this finding.isgeneraliz- 
able to other classes of speakers and writers, oris peculiar to 
these highly skilled writers, heeds to be explored further. 
Do these differences in production mode make a 



oral and written prbdiictioris described above to cbllege 
•students in written form as a cloze test. The cloze scores were 
.neariy identical: both types of passages:were equally compre- 
hensible to undergraduates, Portnoy (19.73) also used a written 
cloze procedure to assess comprehensibility of oral and written 
productions. College students both spoke and wrote para- 
graphs bh "iiiteresting experiences." Cbhfiririing DeVito, 
Portnby found nb bverali difference in Cbmprehensibility 
between production modes; However, thei:e were individual 
' 'differences among the producers. She identified about half as 
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"spralim' and the otlieLhalfas ''vvnters:'' the speakers' oral 
productions were significantiy more comprehensible than 
were their written productions, and the writers' written 
P^^^S^'^P^^ J*.^^^ iiidre cdhiprehensible than their oral ones, 
both as measured by the cloze procedure. There were iio overall 
differences between speakers and writers, however. Speakers' 
and writers', productions differed on only one linguistic 
iiieaiiure-writers iised more long words. 

A complete design would involve testing comprehension 

of both production types in both receptio'i modes as well as 
using additional measures of compreheiisioji. To the extent 
that listening and reading comprehension processes are 
different and thi!t speakers and writers are sensitive to such 
differences, oral productions should be easier for listeaing ;:nd 
written productions easier for reading, None of the studies that 

^'''.^.'^'^"^P'^.^^'Ji^^'^'^^^ comprehension attempted 

to control or manipulate the origin of the stimulus materials in 
tenns of mode of production. Investigators have completely 
ignored this issue and most have used written materials 
produced for reading, These materials are read aloud, invari- 
ably by a skilled reader, for aliriil presentation, 

A few studies have used orally produced rriatenals. 
Based on normative frequencies of occurrence in children's 
oral language (Strickland, 1962), Ruddell (1965) constructed 
prose passages using either high or low frequency syntactic 
patterns. Fourth graders from the same school district from 
which Strickland drew her sample were tested for reading 
comprehension with a written cloze procedure. Those para- 
graphs composed of high frequency syntactic patterns yielded 
more accurate comprehension than did paragraphs with low 
frequency patterns. These results support a notion that 
reading comprehension is related to the syntactic patterns 
used in speech. This conclusion was verified in a modified 
replication of Ruddell by Tatham (1970) that used more 
carefully controlled item selection and a different measure of 
comprehension. 

These tw.. ' studies can be considered as no more than 

^5^^.^''^^iJL'^^^^*^^.'^^^^^ a few selected syntactic 
patterns from the multitude of possible linguistic variables 
were manipulated.: In fact, Ackernian (1974) found that- ' 




syntactic complexity of written productions correiated signifi- 
cantly with progress in learflingjo read for first through third 
; graders, but that syntactic complexity in. oral productions 
' , correlated with leariiing to read only.for third graders. The 
ideal study, would compare both listeriing aiid reading 
comprehension of two types of rnaterial. One type would 
contain structures that have a high jrequency in speech but a 
low frequency in writing; The other type would use those 
structures having a low frequency Jn, speech but a high 
frequency in writing. Ruddell and Tatham tested only reading 
comprehension and only for materials that occurred with a 
high frequeAcy in speech (frequency iii writing was undeter- 
mined). This design is a minimal one for sorting out production 
mode effects from reception mode effects. 

Comprehension Mmures ■ 
: That the measurement: of comprehension is no simple 

' matter is suggested by the considerable discussion by 
\ educators and by experimental psychologists (Garroll, 1971, 
1 1974b; Carroll and Freedle, 1972; Farr, 1969). An important 
distinction when consid.ering various measures of comprehen- 
sion is whether one desires to measure some general conipre- 
hension ability of the listener or reader, the cofflprehensibility 
I of the text for listeners and readers in general, or how much 
: and/or what is comprehended by a specific subject from a 
specific passage, the response measures that have been used 
to assess these different types of comprehension have varied 

considerably. ■ ._ 

Those concerned with individual differences in listening 
and reading comprehension havi usually adopted .standard- 
■ M tests and psychometric analyses. In many of the studies 
reviewed by Kennedyil971), transferof listening training to 
•reading was assessed with standardized tests. These test^ 
claim to measure an individual's listenirig aiid reading ability 
at that point in time. However, in selecting a standardized test, 
an investigator cannot assume that it. measures what it 
purports to measure, but must evaluate the task demands of 
„ each subtest (Ca rroll, 1974a). In most of the transfer of training 
; ^designs, the emphasis was on tests of general listening and 



wifliiii: skilJ. This rationale fmiuontly assames that listening 
and rciidiiiK riiiiiprehensioii are rather homogeneoQs Kkiils" or 
even a single skill; With rcs,„rt i„ reading, this has been a 

nuichdebnjeaquestion(j3avis,lliTl;Thi)rndikej9737-l)iU 
(1;":k (1972) presents an excellent review of the literature 
rehuing to this issue, If lisli^ning and reading comprehension " 
"■'''''r.^".''. "''''='fy ["■•"•''«'^ then there slidiilfi be a high 
eorrelation hctweiij sliindardized tests of each. Across n 
studies iniewwl by Uuker (li)fi5) and 12 additional ones 

iKiewed by Kennedy (1971), ewelatiuiis Hetw,.n sa^^^^ 
istenir.g and reading tests.ra;.ged from ,^5 ,82 and the 
^^'^ n"l .^l^t'wed in either direction. However, even 

subjects, there still remains a substantial proportion of 
variance that is unaccounted for and which may reflect 
differences between listening and reading comprehension 
priicesses, 

Weaver and King.stun (ig71a) have used standardized 
..... ^ ,^ ^'^^'^^ '^if'i'erent psychometric analysis, If 
listening and reading comprehension involve the same 
processes, then test scores of different aspects of both should 
tall together whun compared. In two separate studies. Weaver 
and Kingston applied a construct discriminant-valid^tv anal- • 
.vsLs (Campbell ^nd Fiske, 1959) to several measures of 
bstening and reading comprehension. The measures were 
paired for construct similarity across oral and written 
language forms, Th(! majo? discriminant of the tests, however, 
wiis between oral and written tbrms rather than among 
Ther. is apparently more commonality 
within a comprehension rr.ode than between supposedly 
<'|'mm.)ri construct.^: 

Kxperimental studies have typically used a measure of 
comprehension that r. lates directly m ^ specific material 
Immediate free recall has sonieiimes been used to measure 
aimprchension (H.jrowitz, 19fi8; Horowitz and Berkowitz ' 
It7; Larsen and Feder, 19:|()!, b^t one is faced with the ' 
difliculty of scoring the recall. Whether one scores theprotocols 
for vcrhatim repetition or for recall 4 "meaning" has clear 
iiiiplications for bnw onej'onceivos of the comprehension 
[ifimss, People do not usually listen or read to retain wliat they ' 



hear or see wo.nl.-for-word, biit.inst.ead assimilate the meaning 
of the material to their prior knowledge (Bartlett, 1932; 
Brai' ''(ird and Franks, I97I; Sulin and Dooling, 1,^7'1), Hence, 
placiiig (lemiinds fiir verbatim recall on the subject may alter 
his priicessing of the material, or at the very least: under- 
estimate the amount comprehended. Another recallmethod is 
to probe the subject with pictures (Tathain, 1§70) or with 
(lueslions, frequently of the multiple-choice type (Corey, 193-1; 
teter and Travers, 1966; Oakan et al„ 1971; Sticht, 1968; 
Young, 1973). One is then faced with the question of what 
aspects d the text to probe: A criticism of both of these methods 
is that they re(]uire some delay, however brief, before recall. 
Although, comprehension may occur prior to storing the 
material in memory (even this may hot be always the case, 
, particularly with a demand for verbatim recall: Glticksbefg 
and Danks, 1^69), the results may reflect rctrievai differences 
ratherlhan comprehension differences. .... 

What.is needed is a measure of comprehension that is 
taken simultaneously with input, so that as the subject is 
processing the input his comprehension is' more-or-less 
continuously monitored; Un(ortunateiy, most of the "on-line" 
measures of comprehension measure only the difficulty or 
complexity of processing ai that point-in the text rather than 
how much or what is conipriibended. One exception to this 
generalization is the cloze procedure as used, for example, by 
UeVito (1965), Portnoy {1973), and Kennedy (i971; Kennedy 
and Weener; 1973): The better a subject is comprehending a 
passage, the greater the.probability that he will be able to 
supply the correct word, The major problem with acloze taskis 
that it disrupts the reader's (and the listener's) normal 
processing, If he mii.st stop every five to ten words arid glies!; a 
word, then he cannot be said to be reading nahirally. 

A final issue with respect to the response measure used is 
whether the response models th' same or different.from the 
presentation mode and/or the production mode. To the extent 
that listening and reading reflect a unitary process, then there 
should be no cross-modal interactions. That is, whether the 
iiiput comes from listening or reading should not interact with 
Ayiiether the response is oral or written, Horowitz (1968) did 
find an interaction between presentation mode and response 
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""'i"^',';'''* ""W'ver. in a laiersludy (Horowitz and 
BitIvov. tz, the iiiti'ractidh was not ncr.rly so clear, A 
n>ni|)li('atin;r l^id.ir in (!. riitionalo is that it assumes some 
s<irt .)l'i,s(>iiu)r|.Hisiii.l).'; (■(imprehensioii and production, 
niffcr-nccs may Hp thr' ri .,1 'a of production to reflect 
<:*'iii|i;:''li<'iisi(in ralhcr than true niodality effects; hot fintlinji 
;in intcraciioii is siiKfje.stive of differences between the two 
modalities, 

AiidinH dnd Rccfiiii^: A ^tnld am A 

i>"d -lames, IDrl; Sticht and Jaiiies, iii press) havecop' /dea'd 
exphcitly the question oftherelatiiMshipbefAveeiiauJin; and 
feadin!; and have proposed a. deve]o;^nientai miM 'f all 
lanpauinf! processes. Unlike otl-^ i;ivest:;,';uors, they did not 
bury the nssuniption of a unitary comprehension process, bat 
incorporated it as a < ontral feature of their model, and then 
reviewed evidence for and against it, Sim-e th' ;/ irrived at a 
different conclusion about the available evid ,-' fv I discuss 
their model and the support tliey review in detail: (Jiily because 

^^n^'^ ^l^fut their position is this discussion 

po.ssibje: , • 

The developmental aspect of the mode! is represe;)! -l by 
the successive specialization of ba^ic adaptive processes 
through. interaction with the environmeni, Listenint^ and 
looking develop out of the basic adaptive pr(;cesses of hearing 
and seeinfj; iittennf; and marking prow out of basic motor 
'^''i''" t'le langua!,'inf; processes emcrge-auding 
ind speaking ((row out of listening,' and uttering respectively, 
nndiinally reading and writing develop from looking aiid 
■•, -king. All of these changes develop from the chil;i's 
:UiempLs to adapt to, Interac, with, and control his/her 
environin . (, 

. The iaiigua^ing. processes -auding, speaking, reading, 
and writing-v,-ork in short-term memory and are connected to' 
a cognitive content store in long-term memory by a single, 
unitary conceptualizi,'ig process. 



Tho receptive iangaaging coniponents fauding and rcadiiigj 
serve to transform vefbi or printed displays into ribri-- 
language CQnceptualizations which constitute the meaning of 
the itiessage In the receiver; The .cnnceptaalizing ?roc(,;.s 
continually nierges input from the languaging process with 
information from the cognitive content store to builii thc' 
: ;subiectively experienced, meaniniful message ; \: Aodingand 
reading are consldfjrcd to lii) similar processes because both 
require the use of lEnguage and jangyaging, and because, with 
identical messages, both result in the formation of a singJe, 
mutual internal conceptualiM<m^. .^To statejt concisel^j 
auding and reading differ primarily in the manner in which 
the individual receives the stimulus words; they are both 
similar in the sense that they are both receptive communics: 
tion acts that requir^jj central langoage and conceptualizing 
base jStichtetal,, 197^: 17-18,08,701, 

The model leads to tvvo basic assertibris about Ihe 
development 'of languaging competency: 

(a) competence in languaging by audingpreccdes competency 
in languaging by reading; (b) when acquired, reading utilizes 
the same cognitive content and languaging competencies that 
are in auding, plus 'the cprnpetencieA involved in 
searching the visual display and: at least initially, decoding 
print to speech ISticht et al., 1974: 71, italics in briginall. 

Sticht et al, derived four hypotheses from the model and these 
two basic asseriiu 'S. They evaluated these four hypotheses in 
terms of the existing' iiterat'ure on auding (lifiiening) and 
reading and find support for all fiiiir, Thi? support led th'ern to a 
strong conclusion in tavnr of their developraental model, in 
particular the unitary nature of audi.ig (! isteningj and.reading 
comprehens- n, . "The .connrnu^tipn .of each of .the .four 
hypotheses provides evidence for the developmental model of 
reading, Reading is based upon, and utilizes the same 
conceptual base and languaging c ir .'.petendes used in auding, 
plus the additional competencies used in converting the visual 
display into an internal auditory, dis^jlay" (Sticht .et al,, 1974: 
liS-lltJ), Lei us consider the four hypotheses and the evidence 
they review, ' . . , 

Hypoihi'^ls 1. "PerforiTiance cri raeiWiires of ability to 
comprehend ic nguage by auding mil surpass performance on 



||l'^lSlllvs..|;lhl|,]yt,,(:,^npr,'h,nKil^nguaf{^^ 

tluM'arlv years of schoolini; until the rcadinf; skill is learned at 

™ '"^^ .^^bility to coniprehenil l)y audinR and reiulirifr will 

b.w«|Q;,r(Siic}iiPtaU9-:|;7n 

.^iiiN:,;sr.-l(-vant to ^hisiiyp^[hesisj)f which thevwerenblet^^ 
>■xalllltln,nly:li.Whenliu';,1^stlidiesw^^^ hvKrade 
W, (h,.y,yi<:ldrd 71 c.niparisons nf audin^' and Trading. 
Alt o-iKh Slicht ct al, note several potential nlethod.,l„^rical 
i'i^ ileiiiK witi! .hese sl.idies, all eoiriparisons were retained 
;:'Hi«vif;litedef|ijally,Trf.itinKearhcnrnparisonas 
tla'.' ["■'int. they lound th;u the percentage of corar,,risons in 
^^•1'^ '^i'lflinKwas better than reading decline.ifroni" ]()() 
PiM;i!;ige;rtn;il)o,,t2()pe™ liilt.Onthe 
I'ther li;ind. the jXTcentage of comparisons in , eh reading 
was belter than raiding increased from about :: ik-i .(ii ntageB 

to about .1;, percent at college/adult, This inte: ^ iion^apport^ 
Itii' nypotnesis, 

One problem: with this analysis, however, is that 
. .... ^ugh the hypothesis is derived from the model there are 
tt'w plausible models that would not predict exactly the same 

results simply by vinue of the f^ict that , reai.g is typical^ 
acquired later tlian aading. Imagine a completely separate- 
dual process model of andinfi and reaiiing. Auding is acquired ' 
"ring the preschool years; reading is taught nooo 
'eginning in first grade, Assume there' is no dependence 
'•''tween the two skills. If so, auding would test better than 
i-ea ing in the early years, but as the child begins to acquire 
reading, the scores on the reading test would pick up and 
perhaps eventually pass the scores on the auding iestin some 
enses.^ N'othing in the evidence for this hypothesis savs 
'"•y'hing about the underlying processes: 

. Wthe"box-score''methodologygives equal weight 
to both good and poore • neriments(Gardner, 1966), Oneshbuld 
a"ee[)t tli;.' conclusions :'one well-designed, carefully executed ■ 
^ti'dy rather than the otal weight of nuiny experiments.each 
<).!..''-hich IS nawed, It i> possible that the various faults of each' 
experiment might cancel one another_and that the "average" 

resdtswouldth»rebybei,naffeeted,Horver.there 
more likely, investigators may have c'':!:imittpd many of the 
same errors. ' ■ ' 



iiypothm I "Performance on measures of ability to 
comprehend language by.anding will be predictive of perform- 
ance on mea' iires of ability to. .comprehend language by 
reading afier the decoding' skills of .re'^ding.h; e. been 
mastered" (Sticht et al, IS/?; 1112, italii . in original). Two 
hypotheses are embedded here: one is that tests of audirig and 
reading comprehension will show a substantial correlation in 
older.children.and adults and another hypothesis is that this 
correlation will be low in children who are in the process of 
acquiring decoding skills. 

Although Sticht et al, discovered no "ideal" test of this 
hypother' ' \s by Loban (se^ references in Sticht et al, 
) in £ : : ■ . ; . i ; c a close approximai ion. Lcban compared 
. adinally from .grades four through eight on an 
oral vocabulary test and teacher ratings of orallanguage skill 
with the results on 

The contingency cdsiiicients between oral 




grade eight; Sticht et ai; also tabulated 27 additional studies 
that reported a total of 125 correlations between auding and 
reading tests at various gyades one through twelve and 
cbllege/adiilt, The mean correlation across studies rose from 
.35 in pde one to a fairi}' stable plateau of .60 by grade 
This plateau is probably an aspptdte close to a ceiling 
estabhshed by the rehabilities of the tests; Both aspects of the 
lesis thus were sujiporteL 

Since there were manv differences among the studiesin 



timing, and forma the correlations are not comparable as 
inlervai data and tht computed means are riot valid descrip- 
:to_rs. of the psychologic?.! relationships; In ai::iition, this 
analysis dilu.V'd good studies by mixingthem with faulty ones, 
Each study should be evaluated.and considered on its own, not 
as a|iglgated with diverse experiinehts 

Hypothesis t "Performance of measures of .rate of 
auding and rate of reading wll show comparable niaximal 
rates of languaging and.conceptuahzing for both processes, 
assuming fully developed reading decoding skills" (Sticht et 
al;, 72). The maximal reading rate with relatively 
_ ' corapjetc lien is about the maximum auding (listening) 
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''.'^ ''''^.'^'.'^'^i" '^J^ cor;pfesse{l speech,. Althougli 
''.'.''''''5''.^"'^°"^.'^^'^ '"^'^'^"^[^xceptibhs, about 300 words 
per minute. seems to be a common limit when compEe ' 
comprehension is maintained. Sticht et al: attributed this limit 
to the bottleneck due.to languaging and conceptualizing this 
'.".'!^'™.''^'L"'^^.Since these processes are the same for both ' 
auding and reading, the maximum possible rate should be the 
.same, and indeed it is; 

The conceptual support the conrirm:itidn of this hypoth; 
esiii adds to the model is limited, however: ::' bottleneck at only 
inii! point in a long m complicated process would be snfficien t 
"PP'^*' !i"iil "n rate. Processes before and/or 

reading, yet ;i single bottleneck in common could produce these 
results. AsKume, for example, that the profess of integrating 
word nieanings with syntactic structure is the same for both 

"L'^i'^"(.'^^cling, but that lexical access of.the mental 
f '^..^^.i^'^^^^^^ because of the differe'nt modes of input, 
^.^ is slow relative to lexical 
acce.s.s. then the difference between the two lexical access 
processes would :iot be evident in the limits on comprehension 
rates. Thus, the sp('cific languaging components that lead to 

"^^^''jni" rate must be specified forthis finding to ' 
provide support for the model, 

Hypothesis i "Training in comprehending by audingof 
a ■'articular genre (e.jj., 'listening for the main idea') will 
traiLsfer to reading when that skill is acquired; Conversely, 

^■^^^^cessibie by auding" (Sticht et al, 197^; 72); ■ 
Sticht et al; identified 12 valid studies that mea.sured transfer 
of auding training to reading, but no studies that tested for the 
reverse transfer of training ia reading skills to auding. Ten of 
these reported significati I improvement in (tmnsfer to/ieading i 
and tw(i showed iio transfer. 

'^'he transfer _design can be a i effective analytic tool . 

because specific components of the auding process can be | 
trained to determine. which ones transfer to reading compre- 
hension and which do not, Using this rationale, Sticht et al, 
identified those factors that led .to positive transfer: They . 
concluded that "generally speaking, the studies reporting ' . : 
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significant transfer are characterized by a fairly high level of 
correspondence between auding training and reading transfer 
measures" (Sticht et al., .1974; 112). This. conclusion does not 
provide strong support for th"e model, however, becaiise it 
attributes the poiiitive transfer results to specific transfer 
related to the particular test instrument rather than to 
facilitation of.the reading, comprehension process itself; 

.. In conclusion,.the.developmen.talm.odel of auding aiid 
reading proposed by Sticht et al. may be correct when adequate 
data have been collected. It is consoiiaiit with the assuraptibiis 
of numerous investigators and is compatable with conclusions 
derived from cognitive psychology and experimental psycho- 
linguistics (c.f..Glucksb.erg and Danks,. 1^75). .However, the 
evaluation of the model was "overly ambitious" (Clark, 1975; 
. 691), Some of the hypotheses derived from the Tjdel are noi 
unique to the model, but are compatible with other assump- 
tions about the relationship between listening and reading. 

A Task.Analysis . ... _ •' 

What conclusions can be drawn from the evidence? 
Althbiigh the data are varied and uneven in quality, neithe;- 
the iinitary nbr diial view is apparehtlycbrrect in the extrer:.e. 
The comprehension process is not so robustly unitary no;- so 
decided!, dual that^ne position rings clearno matter what test 
or design is used..There simply is not enough evidence from 
experiments that have a clear rationale, adequate procedure, 
arid decisive results tb support a strong cbncliisibii on either 
sidj of the issue. In most of the studies, the dependent measure 
of comprehension was how much was comprehended, recalled, 
etc. Even if. exactly ;'ie s.a.ine results were obtained in the 
listening and reading conditions, there is no assurance that the 
processes producing thost; identical results were the same. 
Likewise, it wr-ij:; be possible to have the same basic cbiiipre- 
hension pUvmi for both listening and reading and yet find 
different results caused by interactions with superficial 
performance. factors, Experiment after experimenr.. all of 
.which yielded the.same basic pattern of results, would tend to 
be confirmatory. The key strategy is to design .experiments 
that permit :he isplatiori of various components. The compre- 



' • " ■ ' ■ I'i' HTsscs m then be modeled a function 
■ VI ''^' 'tu^ks iMi toiyolati'tlit'conipflnM 

an ':iv(';:ti|;-;tt(jr prucmi in such an instance? 

"■■•'^^11 diflerence.. between 
ii.'^'::; .;:.a:;': reading prcvp';!t)u:i 'sJ^ m concl-ide tliat 
these iifff;;,.-;;>s rencct differeni coinpreiiensidn processes, 
f"^ (-'ornprehensiuri, processes are complex cogni- 

"^[^^ "^l. ''ini'^n-'iWe to direct observation: The 
f"'"^"'^/^'''..^^''*^^^^^^^ vary factors that apparently 
i.nfluence.;he comprehension process in some mn-trivial way. 
Then, if listening and reading inpat modes show the same 
pattern of tml^, regardless of overall differences, the 
compunents influenced hy that factor can be supposed 
isomorphic for listening and reading, If, on the other hand; the 
manipulated variable interacts with presentation mode, then a 

point of difierence between the listening and reading processes 
has been iincbvereU 

..y^tening and readingconditionsare variables thatseta 

different task before the subject, at -least in tiie intial 
processing stages, The question addressed in this chapter is 
whether the different tasks involved in listening and reading 
extend into the comprehension phase, One way to approach 
the problem is to analyze the task demands imposed by the 
particular situational conditions. Precisely this strategy has 
^^^^l.^.^'^^^^- When necessary differ- 
ences m listening and ,reading decoding processes are claimed 
to result from differences in the availability of the stimulus 
(transient for speech, durable for print), evaluation of the 
^™and,s placed on thesubject by the task are whatlead to that 
conclnsion; The availability of print can be reduced to 
.^^f.^.^i:at'o of the speech .stimulus, but in 
doing.so the reader's task has been changed. However, even by 
examining his performance under these atypical conditions 
we may gain in.si^rht into the reading process and the 
importance of a durable stimulus. Neither listening nor 
P'ocess that is activated the same way in 
each situation, tistening and reading represent orientati.-.is 
that set the.subject to devise strategics for processing speech 
iind print inputs in a meaningful way. The question of 



listening and reading comprehension boils down to v. ii^iher 
the same comprehension str. tegies are devised for each input 
modality, 

The implici t task for the 5ubje t is derined..n'ot uaiy by 
input mode but also by other situational factors, These factors 
iriiist be evaliiiited in teriiis of whether they iridiic- ' '.'ifferent 
comprehension strategies for listening '^nd readiiijj. Let us 
consider several variables as examples and see how they might 
be manipulated in this type of analysis, Itwould notheieasible 
to vary all these factors in a single experiment, Such an 
attempt would result in too complex a design to actually test. 
However, the primary interest is in how these variables 
interact individually with listening and reading. 

Besides the tasi' orientation implicit in listening or 
reading, the instructions to the subject affect *he kinds of 
comprehension . strategies the subject engages in. If he .expects 
to be tested with verbatim recall of a paragraph, he will more 
likely engage in rote rehearsal than if he expects to be tested 
only for memory for gist; This difference in expectancy may 
very wel! interact with listening and reading presentation 
m:.(^es because the reading task is more, amenable to a rote 
rehearsal -strategy since. print is continuoush'. available. 
L'uiortiinately, many studies do not instruct the subject about 
what^ his comprehension test will be. It is left to his 
imagination or prior experience in such testing situations. 
Lacking instructions, ■ subjects will formulate their own 
criterion, of what info.nnation is.important, perhaps o.n the 
basis of prior questions (Rothkopf, 1974; Rothkopf and 
Bisbicos, 1967), thus leading to large individual variation in 
j'mprehensioii strategies. The kinds of processing stratef;it.s 
i- ;(iaced by the particular comprehension tests should be 
i-il;7.ed so that the results can be interpreted in terms of the 
:;kdemands..' ... 
' (lust as the expectations the subject has about what he 
will have to do with the information influences the processing 
strategy, so various aspects of the presentation itseif also riiay 
affect his strategy. For example, if one varies the input rate, 
functions from sJow.to fast listening rates can be compared to 
functions from slow to fast reading rates. However, for a given 
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iiltj<rlivc niii'. tlic typical reader \^ have more functional 
processing tiiiio tlian will a listener. Relative rate may be more 
^"^^^^1^^'^" afeolute rate. If so, a comparison of the shapes of 
^^l.'^"'"^'^^^'''!'!]'^ more informative than comparisons at 
strictly equivalent objective rates, Even then, rate may 
inlpract with listcninff and reading: At verv fast rates it may be 
easier for a reader to flevelup a relativi ; ■ ■;r;;ient skimming 
strategy, searching for the most lu' information for 
'^''^-^'^I'^^i^Jn^t^^^^^ of (.,,• |'.".,.K(>.. A listener; nf 
course, docs not have such an opt: v j Jable. 

. The y.'icr two classes of factors-language materials 
and sul)ieci characteristics-may alsc bJ to variation in 
pi'v^ i'lK strategies, As an example of the former, listening 
'■ ling conditions may yield eq-^'i cnmprehensinn with 
• ' '^'^^y'. '^P^^ syntactic structure, and a linear 
' ■ "''^'^"'f!^''""_o^.'^P^ra^^^^ reading 
'0 a distinct advantage when the vocabulary is 
unuudi, the syntax complex; and the conceptual organization 
i.s hierarchical. These differences in language materials may 
'.''"l'':^''-'"^'^'^. ^ntl readers to adopt different comprehension 
.strategies: When reading a novel versus a critical commen tarv 

^^'^i^.^"^^. ^'^*^..P''"^^A^'"K strategies may differ. The 
same may hold for listening to a play Versus ah academic 
lecture on drama. Do the differences in processing strategy 
resulting from linguistic variation interact with listening and 
reading input modes? In some situations, there may be more 

strategies between listening 
and reading than there is within either listening or reading in 
other situati(in.s, 

. Finnl!y,allofthesefactors.maymteractwithage.Ofall 
the factors considered here, age is probably the most critical 
"litside the laboratory and it cprtaihlv is paramount in the 
schools, jn a task analysis, there are two levels at which age- 
related.factors can be influential: One i,s basic acquisition. Has 
the child acquired the information processing skills necessary 
to handle the information he is receiving? Obviously, a kinder; 
gartner who can only recognize letters cannotread. Likewise; a 
^.^.^°"^:^''"^^^'^'^':'i.^h°^ not learned some of the.more 
complex syntactic constructions (Chomsky, 1969, 1974; Paler- 
mo and Molfese, 1972) will not be able to comprehend them' 



either by listening or by reading. At another level, however, a 
yoiiriger child may iibt haveiiad stiffiCient expefiencedevising 
strategies for efficient information processing; Yonngchiidren 
may not know liow or may cot realize that it is important to 
Jrvise processing stra^^:;ies to. meet the demands implicit in 
liie task set before then , mcq the other variables mentioned- 
li.stening/reading, cbi /rehensibh tests, presentation rate, 
linguistic and Cbncepu,' ' .;draplexity-define the task for the 
subject, skill in intc these demands and recognizing 
one's competencies a; 1 the iivailable strategies may be major 
acconiplishment> li)r the chile. (See Kreutzer, Leonard, and 
Flavell, 1975, fo: an exarainai:on of children's awareness of 
memorial strategies.) 

The point of these exaniples is that it is possible to 
analyze task demands and lo tap the underlying processes the 
listener/reader devises. If there are separate listening aad 
reading comprehension processes, then interactions will result 
in different patterns of results; If there are no interactions, then 
perhaps listening and reading cbmprehehsioh processes are 
the same. The unitary view does have a special problem, 
inasmuch as it is basically a null hypothesis; if the 
comprehension process were unitary, the best research 
strategy would be to show that any differences obtained 
between listening and reading were due entirely to decoding 
differences. 

In conclusion, to draw this chapter fiill circle, a task and 
process analysis of listening and reading comprehension can 
provide a more precise notion of wkt should be attempted in 
the classroom with. respect tb teaching reading comprehen- 
sibn. If there are hb fundamental differences between listening 
and -eading, then a general language experience apprbach 
inch :ing both liste) '; and reading would be sufficient; If, 
hov ■ , e" difference.' :ween listening and reading appear in 
ont 0 ■ ? loliier comprei.:;; ,/ion (ask, then.training on that task 
would ap Topriate, If there are vocabulary differe,:ic^s, then 
practic on vocabulary that is typically used in reading should 
be implemented, If there are syntax differences, then system- 
atic introduction to the differing structures could be developed. 
..If there are differences in the organization of ideas, then how 
■ written paragraphs are structured in contrast to conversation 
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IT siKrrlics slimild he added to the corriculyiti. lii any case, 
suKKi'stidns ni(ii;(.'!ip(ii:ifi(; than sucii ulobai ciincluHiiiils as "one 
liiust teach readinf^ coinprchenslon" or "traininf; in iistenitiK 
lacilitati'S aainisition of rcadinj,'" could be advanced. If one 
.^J^';;""^''''"'.^''"^' I'ro^'esses, then apphed proposals 
can he not only mnrt- accurate, but also more specific, The 
ri'st'arcii sii(j({e.sted here only answers ^vliether" and "how'' 
lislt'iiini,' and reading comprehension are related, btit will not 
Riividt' iiri answer as to ihi' best projirani in implement that 
'"'''"iiiHiwi.^^ experiments on how to transfer the 

^^^^^ basic research to ilie classroom still 

will b(^ needed, 

Several recent studies have raised the main questioii 
iiddressed in this ch^ter-whether the comprehension proc- 
''^'-^S and reading are. the same, or 
' ^'1°^^" assumption that is accep.ted as 
true.to a hypothesi that can be tested empirically. These 
studies approach ils luestion in a variety of ways and bearon 
a number of issiK-;' raised in this paper. However, with one 
exceplion to foll.v these studies.are not .discussed, but are 
listed for the iii' sted reader: Carver (1976), Cockini and 
Poits(!97fi),Go]dr:„in(I976),NevilleandPugh(1974,1976-77), 
IM'iiiand Goi.; ••.an (1976|; Sticht (in press), arid Walker 
(I!)7.>7fi). 

An experi:",ent reported by Mosenlhal ( 1 976-77) ased the 
ta.sk analytic u,tioriale for comparing oral and silent reading 
comprehension \; i:li lisieriirig comprehension, Mosenthal first 

comprehension is essentially correct; Clark postulated three 
principles that operate in. sentence verification tasks and 
which hiive been ?:,nf)rmed;.nnumerousexperimentsb^^ 

^''^.'"1^' l^^^l' Rosenthal reasoned that testing 

^''"'''^"^L"'' "'*l^:^l^^'^_.P^^"'-''P^^ ^W^^^ identically in oral 
and silent reading as they did in listening would provide an 
adequate comparison of listening and reading comprehension 
processes, A straightforward. statistical comparison is not 
■strictly necessary although Mosenthal was able to perform 



such a comparison, .Since Clark's priiiciples describe ::b'n- 
pbrients of the uhderlyirig cbmpreherisiori prbcdss, cdriflnha- 
tibri of the principles and their identical iiianfierof Ojjeration in 
iisteriiiif^ and reading tasks 'Would permit the conclasion that 
listening and reading comprehenion processes are identical. If 
the principles were not confirmed. in both .tasks, .then the 
proces.si.rig component described by that principle could be said 
to be different. 

Using Clark's basic syllogistic reasonirig task, Mosen- 
thal tested second and sixth grade children for the operation of 
Clark's principles; In oneexperimenthecompared.oral reading 
with listening and in two.ad'ditional experiments he compared 
silent reading with listening. In the firstexperiment, there was 
a significant decreriient in the overall level of performahce 
from listeriihg to oral readirig, but the patterri of results was the 
same for both modes; In the last two experiments, notonly was 
the pattern of results the same; but there was no difference in 
the level of performance between listening and silent reading. 
Mosetithal concluded that silent reading and listening in- 
volved the same cbiiipreherisibh processes but that oral 
reading compreherision was^different. Sitice Clark's principles 
were confirmed in general in the oral reading task, just as in 
the listening task, the proper conclusion is that the compre- 
hension process is the .same for oral reading as wejl. 

Because Mosenthal used a task analytic rationale, the 
results of his experiments provide a valid comparison of the 
comprehension processes imJerlying listening and reading. 
One may reject the parttcuk^nnodel ofcomprehenGion adoptpd 
by Mosenthal, but one cannot object to the rationale for the 
comparison; Based on the research reviewed here, it is unlikely 
that a direct comparison i. !ist!;ning and reading comprehen- 
sion is possible, But an indirect cbmjjansbn is possible as has 
been dembristrated by Mbseri thai. 



MnoM)im><>i- This chapter was written during the summe" of 19]'! and 
wa,s revised Ihe.followingsutnnier, The postscript was added in (he summer of 
,1977, 1 thanli iioti .Barron,.John Cflffoll. ivareii .Cohen, tinneii. Ehri, .Karen 
t'iscJier.5aiii GlOcksherd, Kathy Pezdek,.B£lsj' Riiddy, Ellen Kyah, Sandra 
, Shiiley, Toin Stichi, Toni Trabas.si), iinH Dale Willows far their valuable 
■ comineiits im earlier draft.s (if tHi.s cHiiptei, Preparation of this paper was 
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Models pF reading and language comprehension have come to be dominated by; : ;; 
. the distinction fctwei bottom-upland top-down ^sources of infomialion Sd-; ' ; " 
processing cbhtrbl (Dahks: liGlucksbergv 1980j.,^U^ 
infbiniation-jjrocessing rnddels bf reading have emphasized bottonHi|proce^^^ 

models attempt to formalize the intuitive observation 

begins ;with the perception of Iprinrand endsAvith^^ 

meaning representation. However, strictly bottom-up. ptocessirig'models.haye ,v: 

difficiijty: explainingisomei^^ 



crux 
a 



IS 



isc 



employ; that ability. tb;fiK 
.' Evidence of anticipatoiy 'l^ 
phenomena; C^e'classrMalls from th^ 
of Sical human^rainmanication: llie ;ease:wi 

guia^cSII 

■foraisiinil^Sp;;^ 

IBe'othei'^clas^bf phM^ 




;<^^S|?-;5emoffi«isl 
f!|^::®^.depeiident'P^ 

|g.ied:;|^]lexicaiynfbiation^ 




■i^sy^^^^^ factual information 'froin seniences and paragraphs is 

| :available; semantic ihierpretaiion is aided by contextual infbSation aboat the 
• topic or theme; and p_aragrapli comprehension is aided by general world kncwk 
dgev One or two of thes^^^ might be handled plausibly by 

in a basically bottbm^^^^ 

or by ftdrdering prdccssirig stages. Biit the pervasiveness of 



;^ processing is only part of a more complicated pictore. 

as alternatives to 
reason. Bottom^up effects can be' readily 
are reading wholly 
le, there jsj greater i^lia^^^ 



: rial; However, if the text is not too difficult or 
can facilitate process 
: lies in the tremendous redundancy a^ all levels of anaij^is; Althoagh redundancy 
■ tends to bog down any attempt at comprehensive bottom-up processing of all the 
virifcrmatibii in the signal it opens the door io a more efficient use of lower-level 
information, 

; : - The most realistic alternatives to bbitoni-up models are interactive models that 



;;;;; l978).; Howeverv^ of the traditional dominance of bottom-up models, 
i;i inieractive^modelS;have concentrated on describing^the infltietice of contextual ; , 
^ inforinatlon: in oider to demonstrate clearly tlie interaction bet^^^ , 
|;and- lop-d6wn.pn}cessing; such models have focused on intermediate levels of ■ : 
||ipcbing.where^,W 
|TOSticommonly;c 

|perceptual:infbiTnaHbh^^^^ prior-knowledge infomia- ^ 

Itibjibbnyergeih-^^ 

l^straie bothbottom-^^ , 

Scicction of lexicaUccess.as the focus of study may not be the most felicitous^ 
I ciipic^ however* in that the interactions found , there; may not generalize to • 
iprocessingatofe inlheiiatare..-: 
?#CQmpreliw^^^ more abstract than Jexical;access::Word^ 
jjicahifclto^ 

|tity:'It;is meaningful; to ..talk about word and to : \ 



i:have the'relatively^constant rcpresentalioris^^^^^ 

: Since aliTOStjveiy sentence that readers encoM^ 

; it does' not make sense to'talk a^t a.sentcnce/'re^^^^ : , , 

scon^spondence tetween tte 

less evident above the level of individual wonls:'- ' ' ^i: :' ' ' . :; . ! • V; : ' '^^ 



6/; AI4 INTERACTIVE ANALYSIS:OFORkREAD|NG; ■ ,1^^^ 



i3ral reading is a lask ussd frequently in 
reading skills (0urkin,197M^ 

iiig requirements of Mrcading br how it relates Id silent,ieading,^e^p^^ 
inaiit requirement of oral reading is^^ be recognized arid vcrtjaliai^ 

in seriiSl brdeh. In most iral rcadihg,/processingj^ 

ension isnotj 

toesi 

every word and typically focuses'on overa^ 

When oral reading is foib^^^ 
rccpgnitionijium^^ 
cbnlrontinglereadertpanksi^ 
succession: To accomplish;Ss las 
wd.Bythis.wet 
theriiises 
possible that a readervm 
grapheme-phoneme correspondences'^^ 
pronounce eaS word without accessir^ 
readeS do not:;'*read|^ 
.(iependeiiceonJo)ve^ 
,,lli6:oral:reSder's^^ 
grap(is;;andvihemes:df ffi^^^ 

MnmnMii&fipkAn laiif vTha Mrindv iii<il<)tllf 'itfZlimMtr fin i^'ttit^K; iVSlN'fnli'f/limQl flBFJ^' i). 



i satne:tii!ie^hough:tne|^ 

'peffbmnce^deiM 



processiisi^ 
I'Dral^readiiigl^^ 



Dcetheconespondingp: 



new 



■the:|isua|lfoi 
;cmtroi^feiintake:o^in^ 



J • Jn the experimenB described in this chapter; we^^^^^^ 

— . "---'mod readme hvtflecrivelvyd^ 




5ahd"HlLL . ; ' ' -V-' - 

in from the text: if a particaiar type of information was used in 
r the oral prodoction or the comprehension demand, there was a 
he oral performance at the moment when the altered informaiion 
fhe basic procedure was to alter Several critical words in a long 
g one or more types of textual information at each location. We 
readers * oral productions for disruptions at or arbiind each critical 

cral experimerits, using readers at different levels of reading skill 
rade), we manipulated lexical, syntactic, semantic, and factual 
1 illustrated in a segment of text presented in Fig. 6. 1. the story is 
hooi girl who is severely injured when a train hits her school bus. In 
^er mother has just heard about the accident and is worried about 



\ The critical word (mjured in the example) was replaced wuh a 
I nonword {bntgen). The nonword followed the rules of English 
trdcture and was readijy pronounceable. If the reader were relying 
pSeme-phoneme correspondences to pronounce the word, there 
isruption of oral performance. But if the reader were using lexical 
/ord recognition would be impossible, because the nonword could 
n the reader's mental lexicon. The lexical violation would disrupt 



rays been 



strong 



physically. Because of this, 





oQt of the wrecked bus. 



; A portion of a story illustrating the different ^s of textual violaiions. 
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cbniprehensibh as well; t^cause there was hd syntactic ^o^ 
associated with the nonword.^ ^ ' 

2. Syntdct^^^ Sbth.syritactic arid sei^ 

tbrted by replacing the critical word with a word that' was ^the; Jncortebt pte 
speech and thatjvas semantically anomalous as^well t/ciefte/^ inJFig£6J).;H«e-^ 
the word could be accessed in the mental ]exicon;:bat it was inappropriate fbrt^^ 
syntactic and semantic context of the sentence . : . : v ; ; , < , , ^ { t 

3. Syntactic: Syntactic infbrmation alone was ' distorted by rct^^^^ 

roo^ mbrpheme qf the criiicar \yQrd but changing the inflectioii such^tlwtjiS^ 
indicated a part of speech that could not occur at that point in the senten^^ 
exainple in Fig. 6.1, injured, a verb, was changed to wyi/ry, a nouh. AH^ 
some semantic infontiatibri is carried in this syritdctic categories^ 'mostib^^ 
semantic infbpaj ion remairif^^ 

the meaning of the text relatively easily. . ■ 

4. Semantic: to violate' semantic information but not; distuS lexical 
syntactic information, the critical word was replaced with :a^word that was 'the |^ 
correct part of speech but that was semanticajly anomalous; for example; 

: replaced mjured. Although the iieaders could det^ 
they had lb concoct aii iinpldiisible iiwanirig. The best : they coiild^iia wks 
imagine a Very; unusual drcumstance in which, the ahblnalbu^^^ 
interpreted metaphorically ■■: ; ; ■ , ' ■' ^ , ■ " ^'^^ 

5. Factimi: Factual information is what the reader;: accMmuIales f^ 
proceeding text while rcadirig a ■ story. ; While, readings : H|S)r:she;oDnsffi 
representation of what the writer is cbnv^ihg. Ne w information J^^ 
tepresehtatibn j We viblm^^^^ factual jhfprinatibri by ihtrxHiucing:&^^^^ 
between the criHcal word iind the precediHg sentence ::Uh^ 

tidns; neither the critical wbrti nbf the^ 

■ '^mt^nrfi fmmprtt'it«>l\i rvifnup tn^ »ntffnrj> with th^ pntij^iil'(xrrirft'txr*nf 'altsrA/f ennh >c 



sentence immei 

that the :criiical r word wasi : factually ^iiicb^ 
sentence. In ilie example iri;Fi^^ 
was replaced; with j/ro/^^ The fact |hal ; he r^ddughier^^^^ 



or semaritically wrong w 

;sistem.infbimatibn...y,:.V 



; ? conceive of a continaation after the cntical^word^that w^^ 
tiori: For tiie iactii al mariipuiationr Siere did^ a, pimisibieJsttSsBtati^^^^ thef^ 




Fbir purposes of aiial ysi§; < fiVe wb^^ 
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y specific syntactic or semantic struciares. The major dependent 
frequency (later converted to a probability) of a major disruption 
; the oral production of each word unit. Major disruptions were ' 
IS of at least 1 sec duration; substitufions, omissions, reversais* 
Ispronunciations. repetitions, and regressions. Only one disrup- 
per word unit. A baseline probabllity.of a major disruption was 
control condition in which the original critical word was left 
baseline probability was subtracted from each of the violation 
interaction of violation conditions by word-unit position was the 
was evaluated using both readers and critical word segments as 

ionale was to look for disruptions in oral reading performance 
1 of the violation types. If there were disruptions in oral perfor: 
rs presumably were attempting to use the violated informatio_n to 
■itical word and/or to construct a meaning; for the text. Fur- 
lative position of the disruptions resulting from the different 
indicate the order in which the information typically was used, 
a bottom*up model, only lexical information was strictly neces- 
oduction, although the reader would need to determine the 
cture to read with appropriate prosody. If the reader were using 
-phoneme correspondences to pronounce the words and did not 
in the lexicon prior to uttering it, then the disruption from the 
would occur after the critical word had been said. Syntactic and 
uion would be used primarily to determine the meaning of the 
disruptions would occur after the critical word at the clause 
tions of factual information would be important only after the 
:lausc had been determined: The reader would attempt to inte- 
Z of the clause with the representation of the preceding text and 
unter the inconsistency. 

:« semantic, and factual information would exert top-dowii in- 
al access would depend on the particular interactive model 
ctic, semantic /and/or factual information were used in lexical 
IS from violating that information would occur at the same time 
from lexical violations. Whether the disruptions occurred at the 
id had about the same extent would indicate the functional 
le information sources. Violating two information sources, as in 
;mantic manipulation, would lead to different patterns of disrup- 
n the interactions among the information sources. 



:nt with skilled readers used 12 paragraphs averaging about 125 
a conteniporary novel. One critical word was selected in each 
ur versions of the story, lexical, syntactic + semantic, and 



semantic violations were introduced at three. critical words each:!lTii^^mainin^ 
three critical words in each version' were controls and were lefciunchanged^^^^^ 
Across the • four versions/ manipulations ^werej; counterbalanced 
words. Ten college students, who were unscreened for reading skillsrnMid;each<^^r&^ 
version aloud.In orderto ensure that they paid some attenttcm to cpmpren 
they were required to give a brief summary ( " ' ' « . i • - 



iry of each: paragraph; immediatelyraficti'ii?!^ 



reading it. 

As shown in Fig:'6.2i the^rincipal poinl of disruption resultiriglf^ 
violations occurred at the critical word (word unit 0). -Most of these-^a^^ 
were pauses as the readers hesitated ;before uttering the pronounceable^nonw^^ 
Unable^ to locate^ that lekical- itemJ in; their iTientaljlen^ 
sometimes had difficulty in, pronouncing *e ' ncmwords ju^i^^ 
phoneme-grapheme: coiTCspondences^^.The ;disrupiionsi^ ^^P^^^'^^^B 
semaiitic violation :^ollowed?: the;' disn^^^^ theilexicdralmb^ 
They both differed significantly from the cbnUorat thexriticaliwb^^^^^^ 
unit +1. Syntactic or semahticlnfoimaiicb or both were ^beingu«^^ 
lexical item, so that removal of that information disnipted the-i^'adenifS^^^ 
pattems of di.sruption resulting from the lexical and syntactic^.-!- semantic||;p| 
violations were essentially the same, these information sources md^^^^^ 
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I' FIG. 6.2. Disruptions in skilled neaders' oral reading pcrfonnances iwulling u^l;;'?^^^^^^^^^ 
' from lexical, syntactic + semantic, and semantic violations. . A 
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amc time ■ although they may have operated independently (Lazer- 
tibri-from t^^ 

;was rtiiativeiy much sinaller:;ln reading this^stoiy;sema^ 
5t being used for iexicai access; The violation was discovered later; 
[ clause integration occurred.>!When we cohsidercS; the stor^^ \ 
realized vvhy the seniaritlc infonnatibn may no^^^^ been iised as ; 
story; wa^ excerpted 

stylej The. semantic viblariohs were anonialies: that easily cb^ 
jt^eri for intehtibhal biit incomprehehsible metajjhors: The readers 
juite; rcasbriable strategy of hbt giving high pfidrity 10 semantic ; 
ccause it Was frequently figorative dr^ 
experiment used a concrete • emotibnaUy involving story (2171 
ibout a high school girl who was severely injured when a train hit 
s (see sample of text in Fig. 6,1). We drbpjjed the lexical viblatibhs 
njial ones. The syntactic + semantic and the \ semantic, violations 
. Hbwever, given the general context of a cdncitte, literal story; the 
rmation would be nibre useful iri lexical access and the anqmalies 
iced. The other procedares and analyses remained unchanged ex- 
lory was divided into four sections with four critical words (one of 
n) in each section. Readers gave a summary after reading each 
story.- ,/ ■:. 

^ntactic + semantic and the semantic violations produced a disrioij)- 
ird unit before the critical wbrd (word iiriit -1; see Fig. 6!3). The 
m from the syntactic + semantic viblatibri was signiricantly 
Iting from the Semantic vidlatiorj aldrie, bot the semantic A'ioiation 
lasting effect, remaining significantly different from the control at 
i arid +5. Since both syntactic + semantic and semantic violations 
nlons before the critical word was produced^ both syntactic and 
rmation was being used during lexical access. Both yiolatiohs were 
J after the critical word was_produced, indicating failiiriis during the 
n-integration task as well. The factual inconsisiehcy was disruptive 
critical word had been uttered (word unit +1). So factual informa- 
ivblved iri lexical access, but drily iri sentence meaning integration 
iic f semaiitic vidladdri had a larger disruptive effect earlier than 
itic vidlatldn. A violation in, both of two independent information 
d be noticed before a condition in which only one; source was 
ie syntactic + semantic violation may have been a violation of twb 
:novvledge sources ^ (Siler; 1 973- ! 9.74). The next experiinerit sepa- 
actic and semaritic violations and attenipted td erihanc^ the factual 

experiment used the same sto^ as the second; but several of th 
idris,Were rewritten to make them even more inconsistent; arid the' 
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FIG: 6.3 
frbm synlaciic 



Disruptions in skilled readers* oral reading pcrfbrrnances TesuW 



• semantic, semantic, and factual violations/ 



^ntactic + semantic violations were replaced with ^yntactic^nly vioiationsf^^ 




giving sommairies: Scores on the,maltip!e-cfioice;te^ neffl^'peHec^^ 

As shown in Fig: 6:4, the syntactic arid t^^ 
simllardisriiption curves. Both vvc^ 
vyprd unit r 1 and peaked at the cridcaI;Word: 
siightly ilbngw disriip^^ 
" word unit ;t2j.'Thebi|geiSt d 
- . the trili^ 
: ; distiiptidns) W 
! tions of the original cnticatword frdm:the:syriUctic^^M^ 
.::prbpwtions of disruptions^ 
" syiitactic and 
-Ssyritactic^violat 
^^^^ part of spcech;vSym»lic^:^-ii^s^^ 
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; Disruptions in stcilted readers' oral reading perfoimances resuiiing from 
, scfflantic. aiid faciua! Violations. / 

semantic-only disruptions observed in the second experiment 
Ited from the combined effect of violations of two independent 
irces..- • ■ ^^-^^ 

violation produced a larger effect than in the preceding experi- 
till was first effective at word unit +1 and not at or before the 
In contrast to syntactic and semantic information, Tactual consis- 
nave any apparent inflaence on lexical access of the critical word 
ed in sentence meaning integration: tindig (1976) obtained similar 
lal violations on speech-shadowing performance. ; 
>f lexical, syntactic, and semantic information disrupted oral pro- 
ut the same point before the critical word was uttered. From the 
lexical access, lexical information is bottom-up, and syntactic and 
[nation is top-down. Yet the pattern of their disruptive effects was 
\1I three information sources were contributing to lexical access, 
information source 'was violated; jhe normally automatic process 
forcing a reliance on careful bottom-up processing to be sure what 
ally printed 
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6 AN INTERACTIVE ANALYSIS OF ORAL READING ^;14l|?1 

The occurrence of disruptions for several word units after the critical ),wrdM| 
represents more than a simple perseveration of the initial disruption, however?^? 
After the cntical word had been uttered, the reader attempted to make; senscjoK^^ 
the inserted word. How could the clause be interpreted so that the word would^ 
not be inconsistent with the representation the reader was constructing forjhep 
sentence, paragraph, and story? This comprehension difficulty was evident w^dt|^ 
all violations, including the fSctaaI:'Ev^ 

violation was much smaller,' if occurred consistently for several words-after thel^ 

critical word. y " " ''^ , / ' , ' ^ ^ " - "? '-Y^fl?? 

Were the post-critical-wbrd disruptions synchronized with thelend of^ttfc^ 
clause? In prepanng the stories; we did not aitempt.to control.the location of the||5 
clause boundaries after. the critical word. However. a^pos^^ 
data in:the last t%):experiments suggested that ther^ 
disruptibh at the clause bdundaiy: Sometimes a j}eS 
the only disruptldn; sometimes it was in addition to one at the cnt^^^^^ 
sometlm^.s it was missing entirely. However,- the datar.wete: too;few>tOidraw|^^ 
strong conclusions about whether there were disruptions at the. cla'use.bbundaiy^f 



Learning to Read ' , ;> 

What is the interaction of information sources as a child vis?leatlilngito,read^^^^ 
reasonable first hypothesis is that the child is paying most altentioa to,Dottom-up|| 
-information, because that is where most instruction is focused and that is whcinci^|^ 



the child is having the inost difficulty. As bottom-up processing' becomes m^ ^ 
' autommic (LaBerge & :Samuelsl i974),:childrin are gradually able^to use^morc^l 
abstract infonnation for lexical: access and meaningMntegration.rAlternatiYely^ 
children initidly might be overly :dependent on context;^ 
simply because they lack proficiency in processing,bottom-up information. : A^^ 
they gain skill in decoding, bottom-up information would become relativdy moie:^^ 
useful to them, and the balance between bottom-up: and top-dawniprocessingp 
would ihift. ' /' ^ 

To Investigate this question, the basic expenmental paradigm used' withj^| 
skilled readers was adapted for children learning to read— second, fourth, ahcSj^ 
sixth gradere: Stories were selected from primers one grade below the children^j^l 
actual grade. The readabilities (Fry, 1968) of the stories^ere 1.6,^ 
and the stories were 881, 1354, and 1617 words long, The stories^were dividec^^ 
into four sections, and five critical words were selected in each quarter. Lexicaljiji 
syntactic, semantic, and factual violations were developed for each cntical woR^;?^ 
fdlldwihg the same criteria as for the skilled readers: Five versions of each stoi^^ 



were constructed so that violations were counterbaiancedracross critical :wordi||;| 



and subjects. There were 50 children tested at each grade level, 10 on eaci \M 



version of the story. In order to ensure that the children paid somc altention 
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WORD UNITS 

Disniptions in second graders' oral reading performances. 

Ion; the children were asked three to four simple questions after 
quarter of the text. The scoring of major disruptions was the same as 
r skilled readers. _ 

ptioh curves for the second, fourth, and sixth graders are shown in 
i.6, and 6.7, tesjpectively. Although there were some differences 
iree grades, the results were very similar. Lexical, syntactic, and 
lations all produced their largest disraptions at tfie critical word and, 
Ktent, at word unit +1. A few of the conditions were significantiy 
Ti the control as early as word units -2 or namely, lexical in 
lexical in second and fourth at -I, syntactic in fourth and sixth at 
nantic in second and fourth at -1. Likewise, there were a few 
Tects at word uhits +2 and +3— namely, syntactic in second at +2 
: in fourth at +2 and +3. But the dbmihaht effect was at arid 
after the critical word. 

al violation produced sm^allbut signlficaiit disfuptlons in all three 
'ord unit +1 in the jecond and fourth grades and at the critical word 
rade. Factual information may have been filling some Dsefui role in 
\ for the sixth graders, but not for the second and fourth graders. The 
id the location of the children's factual disruptions indicated that 
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FIG. 6.6 Disruptions m fourth graders* oral reading pcrfoimances ' ' '^'x?^% 

resolving a factual inconsistency was more cntical at meaning mtegration than^rp 
lexical access, S » f ^ T^j^ 

The major conclusion was that syntactic and semantic infomiation influence|^ 
lexical accessvof the critical word as much as. lexical information'^itself ('elf 
Isakson & Miller, 1 976; Miller, 1 975). The magnitudes of the disruptions weip 
ordered from lexical violations producing the largest disruption; followed clo^l^| 
by syntactic and semantic violations: Perhaps these children were well along^di^ 
way to being skilled readers, so that bottom-up processing was relatively -aatoniisf: 
tic, thus permitting top-down processes-to operate (Isakson & Miller ;'iil97^^i^ 
Their reading rates indicated that this was not the case^ :however:^>Estimatin^ 
reading rates from the control condition, the . secondi^ graders '. read|at|i2^^ 
syllables/minute, fourth graders at; 16r.syllab[es/minute,>. si^^^graden; at^^^ 
syllables/minute, and college students at 270 syllables/minute. The ^hildre^ 
reading on the whole was not as fluent as that ofskiiled readeis; they read tnoi^ 
slowly and haltingly. , ^ - ' , ' ^''^^'/it"?'"?!^ 

In a comparison of the children*s results; with<.tHo$e of:ski]led ;reade^^^ 
were no major differences as a function of skill JeVeLrThese particular childt^^ 
may have been more highly skilled than ontwould ex|«ctiro 
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6 AN INTERACTIVE ANALYSIS OF ORAL READING; ll^^W 

many points in a reading comprehension process at which the oral protoioiT^^ 
might originate (Danks & Fears, 1979). Extraction of grapheme-phoneiSe con^-^t'l 
spondences might supply sufficient information for articulation At the other^^^ 
extreme, a meaning representation of an entire sentence might be constmcted|^| 
first, a sentenc: production process jjiight be mitiated 'n.^^h^^J^^.^i^f^^f J?^^ 
sentences are produced in conversations. Neither of these extremes seem| likely . 
The former wopid have readeS articulate orthographically Regular fidnwords in*^ 
context withou' any hesitation. However,,readers do not do this (cf. disniptions^A 
from the nbnw6rd violation).-TlieJatter|»sition? would 
spans encompass.entire clauses! but «ye-vpic€ spans are not thblargef (fcevin^?^ 
1979; Vazquez, GIucksbergr& banks, 1977-1978). ^ >4^V.i^t^^ 

A more plausible assumption is that oralprodu^ction .is initiated. fql^^^ 
lexical access, at least for familiar words. Once readere locate a ^woWjn4 
lexicon; they then have^ivailable the iticulatory .in formatiop;^^^^^ 
noance it. There is no claim that lexical access is direct withoiit any phoriologicalr^^^ 
mediation, only that initiation of an oral response does'not occii^until after tjie^^ 
:word has.been accessed;:The oral response does ndt;orisinate;injap^ 
cal mc;itation.thatimi|ht J^ used in' lexical access. .Wheaenc^^ 
familiar word, rcaders^specially children being taught;With^a?.ph^^^ 
prof ram^sometimes ''sound out" the word slowly by breaking « into phonemei-|^| 
and/or syllable units. Then" they repeat it, blending the.parts together. Ip-the'^^^J^ 
cases, the first pronunciation is directed by letter-sound correspondences and the'i;;|!, 
repetition, by the articulatoty code accessed in the mental lexicon. . ^ ^'V*3 

Lexical Access. Our model of lexical access is closely related to Marslen- 
Wilson and Welsh's (1978) direct access model. They proposed that a cohort btt^fd! 
words is activated in the mental lexicon stricUyonf^the basis of incoming percep::,:!;|^^ 
tual information, which in their studies of speech shadowing was a phonemicji^- 
analysis of the initial syllable ,of each word. Candidate words in the cohort then 
are evaluated against the continuing perceptual analysis and against syntactic and|;^ 
seinantic constraints. Any word that is inconsistent with any^ constraint, whether^ 
it be perceptual or contextual, is deactivated. Tlie elimination proqeM cominues>,^^ 
until only one candidate remains in the cohort. That survivor is recognized as the 

target word. • _ ^ _ . . . ' /"^ 

Applying this model to reading, cohorts of words arc activated by an initial 
visual analysis. However, we think that seinantic and syntactic information, 
especially semantic, also: can activate words for the cohort .In conversations,T:^K|| 
listeners frequently anticipate what speakers arc going to say^as when a speaker|^^| 
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bisnipdons in sixth graders oral reading performances. 

t levels. The use of relatively easy , grade-appropriate stories may 
he children to use more skilled reading strategies.. Also, some of 
inefficiencies may have been masked by their slow reading rates, 
reasons, there were no significant differences in the pattern of 
grades. 



INTERACTIVE ANAtYSIS OF ORAt READING 

ieran interactive analysis of oral reading and how such ah analysis 
esblts. There are two interactive models that are related to the one 
-.Rumelhart's (1977) parallel-interactive model of re^^ 
n and Welsh's (1978) diitct lexical access model of speech per- 
oiigh there are convergences among tfie models, neither 
Dr Marslen-Wilson and Welsh's has been developed in the direc- 
iding. 

ding Model 

isk in oral reading is to verbalize each word of the text in succcs- 
istaht demand on the reader, one that cannot be ignored. There are 



pauses, apparently searching for a word, and the listener obligingly, supplies it 
Sometimes the listener anticipates correctly, sometimes not; but In either case.tte.i;^ 
anticipation is present. We arc not proposing a hypothesis-testing procedure in 
which contextually based predictions are produced and^evaluated serially by 
comparisbn to perceptual information. Rather, we arc proposing;that;many;alt^^^^^ 
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activated siniuh^ 

ipation; either.perceptual or contextual. These altetnatives then are 

parallel. ' ' ' 

lation! procedure differs from Marslen-Wilson and Welsh's as well. 

Lire is a processofelimination. Members of the cohort are tested for 

isath sjrnand^ 

uing pcrceptiiiara 

me if left- We propos two-stage process: Iniliaiiy; an elimihiitidh J 
: members jofthe^^^^ 

lly symjKtlc;^^ semantic^; This evaluailb 
e perceptiiaKin^ 

■loweyer/if nipre tfiM one item remains or if no item remains, then 
ilbw, carefiil perceptuarariSly^ 
sr, syiiable; and A^oi^^^ 

■ficient, but sometimes the reader must rely primarily bri perceptual 

rd hii been located in the mental how 
that word is sent to a buffer where speech articulatlori is organized, 
ton process is assumed to be nearly the same as spontaneous speech 
lie only difference is that in oral readihg/subseqiJent syntactic and 
rmatidn might be heeded to specify some pronunciation or intoha- 
For example^ whether the printed word record is pronounced with 
id-syiiabie stress may be determined by syntactic or semantic in- 
;r in the sentence. The use of subsequent syntactic and semantic 
s not needed in natural speech production because the speaker 
5 whether record is 2l noun or a verb; just as he or she knows what 
tern is appropriate for the message. Jn contrast, the relevant infor- 
Idt available to the oral reader until the end of a clause or 
reader can scan quickly ahead in an attempt to locate the infonna- 
ecl an interpretation using whatever infotrnaiidn is available at that 



d Sentence) Con^re}^^^^ At the same lime as the reader is 
s wonJs, he 6r she is also selecting an appropriate meaning for each 
lyv 1979) and integrating those meanings in order to underetaiid 
■ead. Bis step is satisfy the secondary task demanS of ; 

;call or summa^ after the reading is fihished^In some cases, the 
J forced to . wait until reaching a/claose boundary td exedute the 
[ration (Carroil;& Beverr 1976^^ Carroll, tanenhaus; fe Bever. 
gerieraJi the. reader attempts to iniegra^^ meanings word by word, 
possible (Marsien-Wilson, Tyler; & Seidenberg. 1 978; Tyler & 




As with lexical access/ there are two processing ogtjon^^^^^ 
attempts ' a fast iniegraiioa; of ^ach word *^ 
has been constriacted up S that point 

of con siderable ; top -down^: contextu aj informatiori fafcut ■ the meahiiigSbf : w 
wntte n . j itii Trelati vely e asy or; fanii liar.;^ material ; : the reader caft^isucceedlinl 
perforinihglhiiiniegto minirnaratteritionai and p^ 
reaching the end of a clause, which is a^ conceptual as well as syntactic demarca^| 
tion, the reader has in mind a coherent . representation^ 6^^^^ 

Someiiraesi hb^ 

■ ;pie,::in our;sernannc vioiation,;t^ 

; word/: In rnore; typical texts^^ there are a^ 
;:>reader*f wprt-bj^^ 
jwne-im^^ 

^;;:difncuhy: The individuals^ in a temporary m^ 

the endid^ tfei;;clause or senteride^^^ 
po^ble because Jie;b 

words for very long: : Since most clauses and sentences are conceptually ihte J^^ 

grated , the reader c an reasonabiy expect a resolution ai that j»itit|?tt'thejeri^ 

clause or sentence; the reader attempts^ to 

carefully^ analyzing its isy ntaiitic : structii rel : In this iiespectj^; a; care 

aiialysis is i boitom-up process that provides definitive ^smi(Siiral;;infbr^ 

specifying hdw to integrate the wbrd meaiiin|s: Jf;ihere^ 

reader ^n -suspend fbrward pfdcessihg and regtess^in 

additional: information' or can piunge ahead, leaving a lacuna in the composite";'! 
: representation. ■ ■'. . ]■:■'..(■: i;: y--':-''-.]'-::^ 

: : In summary, first the reader attempts a word-by-word integration of the niean^fi 

ings, based pri prior knowledge and semantic expectancies -about what i?ftein^ 

communicated. If that process failsi the reader relies on a carejiil analysis bf^the^ 

syntactic structure ending at the claii^^^ 

efficient;' but risky. The latter is sldw, but mdrc likely^ to succeed, 
Jn an orai reading task; how : wbald these :twd;; processing siiiategiiis be eVi||| 
• denced? J[ word-bj^woKl integration ^g^ 
^^^disriiptedatthatp^ 

" semanticaliy anomalous word, one that could not be inte^ratedy had bew attereS^ 
The disriiptibn afterthe cri 

, lexic al access bfecause the wbrxl _h adjb accessed tb be uttered. So a disniption^^ 
^:Sfterthe^ critic^ meiariingtiritegradon^^ 
^pe^d td b^ djyetted f^ oral productiorl fern 

is^i^t ^lear that ^eitfef^^ 'r^jquiresjmlic^ 
' attention in the norrnalcase-^Skilp 

■ ;:tiori(a£:any parent wh 
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■s relatively effortless. Yet somehow, difficulty with word-by Wd 

distracted the rcader*s attcntion^^fe^ 

Ifword-byjwb^^ hasfailedanaacpfiilsy^ 

^^ the^ trader mky botindary id allow 

:tMHoii);for^heslbv^ 

:ationQfthe_claaseboun^ ; 

oundary were not observed in the prirnary analysis. However;' a post 

i.ai the; first clause botmdaiy: blowing each critical ^^w indicated ■ 

as a disruption at that point, i * 

i cphei^nl rejSesentaiion of the em^ 

ition; each word is integrated with a rompoiite rdpresen 

ip to thai point, hot just with the representation for that clk^^ 

;a clause requires additional processing arihe clause boundary in 

?F^^eritatibh, Such an 
:he claiise iynconsisteht w 

^niation: Tlie facmal incdn in our exj^riments blocked the 
^3 coherent rcpreseniation: J sometimes 
sjsient propositions to remain in;; their mental representations 
I97J>). bill skillediiadult reader^ usually do not: If the ihcdh^isiehcy 
Iclehtly criiicarinformation for the understanding of a text , a reader 
|ress, arid aiiempt to solve it. Alternatively, he or may alter 



, Miller^ & Boms, 1978) or the perception of the new information, 
aiion is not cracia|for under^^ the whole text, the reader may 
illempi at resolution indefinitely. At recall, when that understanding 
e public, he or she may attempt a resojntion, omit the inconsistent 
or repeal the mconsistency unaware. In any case, resolution of the 
lot a pressing demand and can be postponed in hope of finding 
aler. 

ig Tasic Dertiahds 

analysis of oral reading, we can identify three implicit tasks for oral 
first is lexical access. wh|ch provides ie information necessary to 
ral lenditibn. It also is the primary source of semantic informatidri 
forinirig a representation of the meaning of the text, but it is the 
mand for oral productibn that drives lexical access. It cannot be 
* when an unknown word is 

■^''^°°/_P^^B^J"l a major disruption in oraj production. Because 
acy of the demand, disraptions m lexical access appear as disrup- 
roduction before the critical word has been tittered. 




The secop.c' iiripllcit task is clause understanding and integr'ationlm 

this :iask proceeds wbriiby^wbrdf but;when^^^ 

with our semantic violatidns---theri;more; c 

There would 
: where word-by^^ 
; production: to meani^ 

delayed to the end of the clause but So l5^ger beMuse-of memwyi-limiu^^ 

One result bf a mbre careful ahalysirat 
;:production there-^ ' ; ' 

>;.;lTie^^ 

ful word-by-word integration satisfies.lhis demand perforce. 'Howe veri^^ifiM^ 
inconsistency remains;^ tfie;e 
violation--the;dema^dibrx^^ 

until an overt comprehension re^spbnse,-such\ as rccaljior/sumn^^^ 
.■>^ :^What 'effedt' : dbes ■ iHeidemaiiH'fhr an nml -'^r^Afi^M^^^^^^^M 



J^hal ;effey ;dbes ihe^^ oral : pdiif liwlli^ 

^ impHcit tasks? Some effects haye^been mentioned already) i:iie'SoJn^^^^^^^ 

cognitivejKources ianjrc^ 
' meaning representation^nd;ip #iinrig its coherence. ?For^^ 
prehensiona^^^^ 
; canied oiii in paa 

cbiTiprehension^r^e^^ encounters^Biffi Hcwe^ 
resburpes mayvbe :fabiliiaiBc[; by th? fact thani£;|m^ 
down the intake of HewvinfcirnS 
refers are^apprbxiinatelS halved; in 
difficuh texts alpudin order to assist i^^ 
however, as in ^ child: whb ik te^^^ 
coinprchension iTiay;be :affecte^ 

have to be retained too long in a temporary meinory buffeT^d would-be forgotlf 

Having to; read every word in s^^^ 

cesses. In silent reading, skilled readers may riot look ajand access every woni'^f 

especially hlghly;predictable;Wbitis ( 

1979;^scribed by McCbhkie;:^ Zbi^'Chap^.Tythis^/^olume^^^^ 

may not access the wortf in the bri^^^ 
; Instead, they may jump ahead or regress iri in attenipt;to:opiimizS !Sf6!™irwi|l 
:.mtake. This strategy is analogbus to^^^ 

students with an intennediatefleveijcnowied^ 
,; the^end bf .the clause;befbit ■rea(iing;ihe^rcS:if;t^ 

Finally,; auditoiy, feedback ftoni, hearing oneself reg didSp 

cessing: : Readers who spontaneously restbred;^^^^ 

syntactic violations may have paused after woixls because th^^^^^ 
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ered was not what was printed. Auditory feedback provides an 
back loop by which automatic oral production can be monitored. 



on of Oral Reading Results 

is analysis of oral reading explain the resalts of the experiments? 
nding is considered in terms of the analysis. 

1, syntactic/ and semantic violations disrupted oral productioii be- 
:al word was uttered (i.e., at word_units - I and Oj. All three types 
)h were used in lexical access. By definition, lexical violations 
leal access. Since the hdhword was hot in the lexicon, it could hot 
Syntactic and semantic violations disrupted oral productioh before 
ord was Qttered to the same extent as did insertion of a nonword: So 
rmation and semantic information were critical for lexical access as 

L syntactic, and semantic violations disrupted oral production after 
brd was uttered (i.e., at word units +1 and +2). Disruptions in 
is indicated that lexical, syntactic, and semantic ihfbrmatibh was 
construct a meaning of the sentence or claase. Semantic disruptions 
;al word tended to be somewhat larger than syntactic ones (cf. Fig. 
ing continuing attempts at meaning integration, 
both syntactic and semantic properties were violated, disruptions 
the critical word was uttered and were more pronounced than when 
imiation alone was violated. Syntactic and semantic information 
inctionaiiy independent knowledge sources, both of which were 
c a! access. In terms of the model, violation of both information 
zd in the more rapid eliminatibh of all members bf the initial cohbrt 
I access. Since the slower perceptually dependent process was re- 
larller point, the dismptions also occorred earlier. 
> frequently restored syntactic violations to the original and contex- 
iate part of speech, the part of speech was altered by changing the 
he root morpheme. There is a left-to-right scanning bias in reading 
Rayner, 1976), as well as in speech perception (Mai^len- Wilson & 
. Initial analysis bf the first letters or syllable would be consistent 
^graphic, syntactic, and semantic cbhstraints bf a single lexical 
f , the original critical word. It would be the only word remaining in 
in early poidt in the elimination process. With the relatively early 
' ail but one lexical itf^m from the cohort, perceptual processing of 
on of the printed word could be discontinued, and the original word 
ted. restoring the altered iRncclioh. 

Ic violations in conceptually difficult text disrupted oral perfor- 
rter the critical word was uttered— that is, at wbrd units +1. +2. 
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and +3 in Fig. 6.2. When the material was cbriceptually difficulty readers w 
unable to generate semantic expectations about upcoming words: They had;fewfX|i 
expectations- With which to select items .fbrJhe lnitialcoliDrt;^^^ 
semantic information that could eliminate items from the^cohort: After.a lexicaigj^^ 
item was identified, primarily through perceptual and iynlactic infbrmation^'the 
. reader could not integrate the meaning of the semantically. anomalous wordiS§|5^ 
resulting in a djsiiiption after ihe critical 

6. Factual inconsistencies between successive sentences d^ orafper- J^SI 
fbnhance only after the critical word had been uttered (wonl unit; T ij^and^not^^ 
before. Factual viblatibhs did hbt disrupt lexical access. THeie^i^not^ 

^ model that precludes factual expectancies from activating brxliminating item^ 

'" 'ffbm^the cohort: Perhaps the factual violatidns werc^ 
inconsistent expectancies: Or periiaps factual infbrmationisimpjy is not inyolvedl^ 
in lexical access. Factual inconsistencies did interfere with wbrd-by-word mea^^^^ 
ing integration; however, although the disruption was relatiyely/smalLv 

7. : In a post hoc analysis, some disruptions in prafperibrmance-^ 

the clause boiiridary immediately following the critical vibrd^.TTiis palieravw^^ 
mbstevide:nt follbwihg factual viblatibhi. Assuriiing that this te^ 
confirmed iri future experiments, disruptibhs at the claus^^b^^ 
that readers_were_making another; attempt^to understand the^^^M 
violation. They may have reread the sentence silently; theyimay have regressedpi^ 
to the preceding sentence; or they may have engaged some, coyert prob 
solving strategy^ Language is flexible erigughjhat most apparently jnc^ 
statements can be resolved eventually. This fact fearrie obvious jo ui^ w^^ 
cbnstructihg materials for the experiments. Et was difficult to exclude the jK)ssi-};^^^^ 
bility of plauslbre alteniatlve iritetpretatibns. ^ 

S. In the experiment with chiidreri, the same^basic pattern of results w^^ 
obtained at all grade levels: General processing strmegies apparently : were the ^^^^ 
same across differences in reading sicill.. There are several qualifications on that ; 
conclusion. First, reading skill differences were defined by grade^not by^t^^^^ 
scores, Good and poor readers at the sarhe grade level might yield diffefeht v^^^^^^^ 
pattern's of results. Secprid, the stories were easy/ somewhat below, estimated 
itadihg-grade level. With difficult texts, differences in processing strategies 
might emerge as children acquire readirig skill. Third, the youngest children were 
second graders in the second semester. Substantial chariges iri^ 
strategies may occur during the first VA years of learning, to read "(Miile 
Isakson, 1978; but contrast with Lovenr.i979): In.spite:onk^ 
the similarity of oral disruption patterns in Figs. 6.2 through 6:7 :was:stnlang:' 
Processing differences may have existed, but the dominant impression was one 
of constancy. ' „ 



These results are consistent with ; an interactive model of oral readings Atglp^ 
though we have not detailed all of the arguments and rationale; it does nots^ 
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r any plausible bbtioni-lip model to explain these results. Perhaps one 
leveldped (e.g., McClell^^ cascade model), but we are 

> look toward interactive models as a more promising avenue. Other 
models, such as Rumelhart's (1977) and Marslen-Wilson's 
/ilson et al., 1978; Mars len- Wilson & Welsh, 1978), are consistent 
iults which do not discriminate among these models !n any significant 
e are many experimental demonstrations that require interactive 
which burs is one, but these demonstrations do not tell us vejry much 
the interaction works. The nature of the interaction among informa- 
s needs to be specified more precisely through experimentation. 
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Mbdels-of Reading Cditipreherision 

What are the cognitive processes by which a reader arrives 
at an interpretation for a text? Research in the last couple 
o£ decades has focused on determining the nature of the mental 
representation that readers and listeners extract from verbal 
material. Recently^ investigators have become more interested 
in specifying the cognitive processes by which the mental 
representations are constructed (banks & Giucksberg^ 1980) . 
The shift in interest from representations to processes has 
altered the nature of the conceptual models advanced and the 
types of methodology Used. 

A major distinction that has come to pervade models of 
listening and reading comprehension^ as well as cognitive 
models generally^ is between bottom- up and top-^dowh directions 
of thformatibh transfer and control (Danks^ 1978; Danks & 
Glucksberg, 1980). Models that adopt a bottom-up orientation 
typically are composed of .r^erial independent stages arranged 
in an inflexible order (e.g., Gough, 1972; iMassaror 1975) • 

Comprehension is conceived as beginning with sensory analysis 

_ _ \ . 

of linguistic inputs proceeding through successive transfor- 
mations^ and terminating with a final representation that 
constitutes the meaning of the input. Bdttdm-up models have 

difficulty explaining how information from- more abstracts „ ^ 

levels of analysis are able to facilitate (or hinder) pro- 
cessing at a lower level of abstraction (cf . Rumelhart^ 1^77^ 
and Wildman & Klihg^ 1978-79^ for reviews of these phenomena) 1 
In contrast^ top-down models^ which are usually cast as inter- 
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active models, incorporate the possibility of inforihation from 
more abstract levels being used in the processing at lower 
levels. Since bottom-up processing is i^ot precluded, these 
models depict construction of a representation using available 
information from any level. Processing proceeds in parallel 
on several different interacting levels. The process is 
adapted flexibly to meet the needs of the specific task and 
text. 

Another conceptual distinction that has festalted from 
the shift in focus from representations to processes is the 
more precise specification of when a representation is formed. 
An initial hypothesis was that representations were formed 
clause by clause (Carroll & Bever, 1976; Carroll, Tanenhaus^ 
& Sever, 1978) . Meanings of individual words were integrated 
at the end of each clause into an autonomous representation 
of that clause's meaning. Then the clause meanings were 
integrated successively as the reader proceeded through the 
text. The clausal processing hypothesis was a nattiral out- 
growth of the emphasis on representations i Since the final 
mental representation was organized from clause units, there 
Was no need to specify precisely how or when clausal inte- 
gration occurred. 

The clausal processing hypothesis contrasts with a word- 
by-word integration hypothesis (Marslen-Wilson & Tyler, 1980; 
Marslen-Wilson, Tyler, & SeiderS 1978; Tyler & Marsleh- 

Wilson, 1977). The listener or reader attempts to integrate 
each word •s meaning with a comprehensive mental representation 
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as soon as he recognizes the word. He uses whatever lexlcai, 
syntactic, and/or semantic information is available at the 
time. The attempted integration does not always . succeed; in 
which case, the listener/reader holds the word(s) in a short- 
term memory buffer until there is conceptual closure, usually 
at the end of the clause. 

In order to differentiate between the clausal processing 
hypothesis and the word-'by-word integration hypothesis, an 
on-line measure of comprehension, one that is taken at the 
same time as comprehension in proceeding, is required i Memory 
tasks assess only the final representation, and sb provide 
limited information about the course of processing. The 
necessity of an on-line measure complicates interpretation 
because if one adds a behavioral task to a comprehension 
task^ the comprehension processes may be altered by the 

presence of the secondary taski The naturalness of a secon- 
dary task is an important consideration in evaluating its 
impact. Is it one that readers perform at least occasionally 
in everyday life, or is it one that is devised specifically 
for the laboratory? More natural tasks are more likely to 
reflect typical comprehension processes. 

in the experiments reported here, we used an oral read- 
ing task. Oral production occurs roughly simultaneously 
with the comprehension of the print input. Furthermore, it 
is a relatively natural task that is used extensively in most 
elementary school classrooms i Virtually every literate adult, 
especially parents, has had experience reading aloud. The 
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listening counterpart to oral reading is speech shadowing i in 
--:^J^oth cases the behavioral response is an oral rendition corres 
ponding word for word to the input (Marslen-Wilson, 1975? 
Marslen-Wilson & Welsh^ 1978). Oral reading is a more natural 
task than speech shadowing^ however i 

An oiral reading task imposes two demands oh the reader 
(Danks & Pears, 1979; Danks & Hill, in press). The more 
pressing demand is to produce an oral rendition of the printed 
texti The reader is in effect required to say each word in 
succession^ and so must recognize each word by locating it 
in his mental lexicon. The second demand is to "form a mental 
representation of the entire text, in these experiments, the 
reader was asked for a summary at several points during and 
after reading the text. The reader must use lexical, syntac- 
tic, and semantic information to construct ah appropriate 
representation on which to base his summary. There is, how- 
ever, an additional metacognitive task associated with the 
comprehension and construction of a representation. The 
reader must monitor the process to insure that the represen- 
tation is meaningful, coherent, and internally consistent. 
The task of constructing a represehtatioh is usually con- 
sidered to be the primary task in reading, but the additibnal 
requirement of oral production may supplant or interfere with 
comprehension. 
Rat i ona iean d Metho d 

There are several different types of information that 
are potentially available to a reader, i.e., visual, ortho- 
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graphic, lexical, mbrphblogicai ; syntactic, semantic, p^a^ma- 
tic, and factual. Which of these informatibh sources are used 
by the reader, and what is the temporal order of use? in 
order to answer these questi5Si, we distorted different infor- 
iSation sources at several points in a story. We assumed that 
at the point in time when the reader attempted to use the dis- 
torted information, his normal flow of processing would be 
disrupted. Disruption of normal processing would result in 
a disruption in oral production. Thus, the pattern of when 
oral production was disrupted relative to the location 6f the 
distortions in the text would reflect the pattern of when the 
various information sources were being used. 

The main text used with skilled readers was a story about 
a high school girl who was severely injured when her school 
bus was hit by a train. The story was adapted from a popular 
magazine and was 2171 words long with a readability of 7.8. 
In the sample shown in Figure 1 to illustrate the text manipu- 
lations, the giri*s mother has just heard about the accident 
and is worried about her daughter. 



Insert Figure 1 about here 



Four types of information were distorted. (a) Lexical — 
a word was replaced with a prbnouhceable honword, i.e., one 
that was orthographical ly regular in English, e.g., in Figure 
1^ the critical word injured was replaced with brugen. (b) 
Syntactic— the root morphemes of the critical word were re- 
tained, but the inflectional ending was changed so as to pro- 
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duce a syntactically unacceptable word for the sentence^ e^g. 
injured was changed to injury , (c) Sentantic --a word was re- 
placed with a word that was semanticaily anomalous in the 
sentence, e.g., injured was replaced with planted . (d) 
F a ctu al — the sentence preceding the one with the critical 
word was changed so that it was factually inconsistent with 
the critical word; heithet the critical word nor the sentence 
containing it was altered, e.g., weak was changed to strong , 
which is inconsistent with the daughter being injured. (e) 
A Control condition in whic3h the critical word was left un- 
altered provided a baseline for oral reading performance. 

The irtariipulatiohs were counterbalanced across 16 critxcai 
words in four different versions of the story, such that each 
manipulation occurred at each critical word an equal number 
of times across subjects. The story was read aloud by 40 
college undergraduates into a tape recorder. The stories 
were divided into four sections, after which the subjects 
recalled as much of the story as possible. These rec3alls 
were to insure that the subjects were paying attention to 
what they were reading and were not systematically analyzed. 

Two dependent measures were scored for three word units 
before and five word units after each critical word (see 
Figure 1). A word unit was one or two words that tended to 
be pronounced as a unit by the readers. The first dependent 
variable was whether a major disruption occurred in each word 
unit. A major disruption was defined as a substitution, mis- 
pronunciation, stammering, repetition, ; regression, rever^i, 
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omission^ or pause of at least one second. The second depen- 
dent variable was the production time for each word unit* The 
time from the end of one word unit to the end of the next Was 
measured. The results of the production times mirrored almost 
perfectly the results from the major disruption data, so only 
the latter are reported here. The data were analyzed with an 
analysis of variance using both subject and critical word 
variance in the error term. The primary interest was in the 
interaction of text mahipuiations with word unit position. 
For purposes of presentation in the following figures, fre- 
quencies of major disruptions were converted to probabilities. 
The probabilities in the control conditibh were subtracted * 
from the probabilities in each experiment condition. 
Skilled Reading 

The results from two experiments employing skilled read- 
ers as subjects are presented in Figure One expefimeht 
used the text illustrated in Figure 1 and included syntactic, 
semantic, factual, and control manipulations. The other- 
experiment used a different text with different subjects, 
but was functionally the same as the first experiment. The 
second experiment included lexical, syntactic-semantic, 
semantic, and control manipulations^ but only the results of 
the lexical manipulation (vis-i-vis its control) are presented 
here. 

Insert Figure 2 about here 



The lexical, syntactic, and semantic violations produced 
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similar patterns of disruptions although there were some in- 
teresting differences aniong theihi Ali three were significantly 
different from the control condition Beginning at word unit -i 
and peaking at the critical v/brd (word wjxi 8). Disruptions 
from lexical and syntactic manipulations continued to word 
unit +2, and from semantic to word unit +3. ^Phe factual vio- 
lation did not produce a significant disruption tihtii after 
the critical word had been uttered (word unit -Fl) , but main- 
tained a small effect through word unit +3, 

That the lexical violation disrupted oral reading per- 
formance before the critical word was uttered was expected. 
Although the nbnwbrds could have been pronounced by reference 
to grapheme-phoneme correspondences, as they ultimately were, 
the normal strategy was to locate the pronunciation of the 
word through lexical access, but the nohword was not in the 
mental dictionary. The syntactic and semantic violations 
also disrupted oral reading performance before the critical 
word was uttered, just as soon as did a lexical violation. 
So syntactic and semantic violations were also disrupting the 
lexical access process. How can syntactic and semantic in- 
formation be used in lexical access? If one assumes a strictly 
bottom-up model of lexical access, syntactic and semantic in- 
formation are not involved because they are hot available un- 
til after lexical access has dccurredi However, under an in- 
teractive model, the reader forms expectancies about w^ 
parts of speech and what concepts are likely to bccuir hexti 
He then uses that information to guide lexical access. When 
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there was a syntactic or semantic vioiation^ the bottom- up 
perceptual information was inconsistent with the syntactic 
and semantic expectancies, so the reader took longer to 
locate the critical wbrdi 

The peak probability of a major distupti oh was con- 
siderably higher for the syntactic violation than for the 
semantic (also than for the lexical ^ but those conditions 
were from separate experiments) • Most of the disruptions in 
the syntactic conditions (54%) were fluent restorations (sub 
stitution "errors") of the correct part of speech, e.g. , the 
reader said injured instead of injury . Excluding these 
fluent restorations, the probabilities of a major disrup- 
tion from syntactic and semantic violations were virtually 
identical, .33 for syntactic and .34 for semantic. Fluent 
restorations were also obtained by Mars leh-Wil son (1975; 
Mar slen -Wilson & Welsh, 1978) in a speech shadowing task. 
They provide further evidence that readers were using top- 
down information to facilitate lexical access. 

All three manipulations produced significant major dis- 
ruptions for two or three word units following the critical 
word. These disruptions resulted from the difficulties 
readers had integrating the information into an appropriate 
mental representation. Lexical, syntactic, semantic, and 
factual ihfbrihatioh were all tised by the reader to construct 
a meaning for the phrase, clause, sehtehce, paragraph, and 
story. iri addition to producing ah oral fenditioh of the 
text, the reader also was expected to understand the story. 
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Ih an brai reading task, the cbmpirehehsibn demand is less 
pressing than that for oral productibn, but it stiii must be 
met. Wheri the reader was unable to construct an appropriate 
representation, he might regreiss and reread some of the story 
either silently or aloud, or he might reconsider what fie had 
just read while still continuing to read aloud. Whatevei: 
strategy he adopted, there would be a disruption following 
the critical word. 

Especially interesting is the finding that the factual 
inconsistency produced a disruption shortly after the criti- 
cal word was uttered. fh order for a reader to recognize a 
factual inconsistency^ information from one sentence had to 
be integrated with the representation being constructed for 
the . following sentence. The factual violation in particular 
permitted a strong test of whether word meanings were inte- 
grated word by word, or whether integration occurred only at 
the clause boundary. In these experiments, the location of 
the clause boundary following the critical word varied free- 
ly. In a post hoc analysis of whether disruptions were 
synchronized with the location of the following clause boun- 
dary, there seemed to be disruptions at two locatiohs--at or 
immediately following the critical word, or at the following 
clause boundary, or sometimes at both locations. These ten- 
tative findings have been confirmed in more recent experiments 
in which the location of the clause boundary has been expli- 
citly manipulated. 

Thus, readers were integrating each word's meaning into 
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the representation as soon as it was adcessed i^^^^ mental 
dictionary i However, the violations blbck^dihtegr^ 
because th(^ critical word was inconisistent with th^ repiresen 
tation already constructed. At the clatise 

reader again attempted to integrate the iriconsisteht informa- 
tion. The clause bbtmdafy was the appropriate place for the 
reader to attempt a second integration because clauses are 
usually conceptually integrated and there is a limit on how 
many arid how long Words can be retained in sfioft-term memory • 
In siimmary, the results of the expeiriihents with skilled 
readers support an interactive model of oral reading. Word 
meanings are accessed through the interaction of iDbttbm-up 
and top-down information, and are integrated word by word 
into a mental represintation of the text, followed by ari 
evaluation of the success of the integration at the clause, 
boundary i 
Learning to Read 

How does this mbdel of oral reading relate to children 
learning to read? What is the interaction among information 
sourcen as children become moire proficient at reading? One 
hypothesis is that the child pays moire attention to bbttdm- 
up information because that is where most reading ihstructioh 
is focused and that is where the child is having the most 
difficulty^ As bottom-up processing becomes automatic (La- 
Berge & Samuels, 1974)^ the child is gradually able to use 
more abstract information for lexical access and meaning in- 
tegration. An alternative hypothesis is that the beginhing 
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reader is overly dependent oh context arid prior knowiedfe ^ 
simply becaut:e he lacks proficiency ^^i^^^ 
he gains skill in decoding, laottom-up info 
- niore- usefui^-to 
down processing shifts. 

To investigate this question, the basic experimental 
paradigm used with skilled readers was adapted for children 
learning to read — second (mean age = 8;0J, fourth, (mean age = 
16; 1), and sixth (mean age = 11; 11) graders. Stories were 
selected ffoni primers one grade below the children's actual 
grades. The readabilities {Fry, 1968) of the stories were 
li6, 3.5, and 5.6, and the stories were 881, 1354, and 1617 
words long. The stories were divided into four sections 
and five critical words were selected in each quarter. Lexi- 
cal, syntactic, semantic, and factual violations were devel- 
oped for each critical word following the same criteria as 
for the skilled reader story. A seunple segment from the 
second grade story is shown in Figure 3. Five versions of 
each story were constructed so that violations were counter- 
insert Figure 3 about here 

balanced across critical words and subjects. There were 50 
children tested at each grade levels ten on each version of 
the story. In order to insure that the children paid some 
attention to what they were reading, they were asked four or 
five simple questions after reading each quarter of the story. 
The scoring of major disruptions ahd production times was the 
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same as described for jsJciiled readers. As with skilled read- 
ers, the production times mirrored the major dis^ , 
results.' 



The disruption curves for^ tfie Secohd, ^biirth"", and iikth^ 



graders are dhown in Figures 



4 , 5 , filnd 6 respectively. Al- 
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though there were some differences across the three grades # 

insert Figures 4, 5^ and 6 about here 

the results were Very similar • Lexical^ syfitactic^ and seman- 
tic violatiohs produced their largest disruptions at the 
critical word and to a lesser exteht at Word unit +li A few 
of the cohditibhs were significantly different from the con- 
trol as early as word units -2 or -1, viz., lexical in sixth 
at -2, lexical in second and fourth at -1, syntactic in 
fourth and sixth at -1, and semantic in second and fourth at 
-1. Likewise, there were a few significant effects at word 
units +2 and +3, viz., syntactic in second at +2 and semantic 
in fourth at +2 and +3. The factual violation prodtaced small 
but significant disruptions in ail three grades-- at word unit 
+1 in the second and fourth grades and at the critical word in 
grade six. The dominant disruptive effect of ail four viola- 
tions was at and immediately after tJie critical word was 
uttered. 

Syntactic and semantic information influenced lexical 
access of the critical word as much as lexical information 
itself i The magnitude of the disruptions were ordered from 
lexical violations producing the largest disruption, followed 
closely by syntactic and semantic violations; The small size 
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and location of the chiidrieh's factual; 3^ 
that resolving a factual ihcprisiste^ 
meaning integration than at iexical acceaiSi 
- Gompariiig- the-childi:en» s ^r 



readers, there were no major differences as a fuftctiono 
skill level* Perhaps these children were well along the >>ay 
to being skilled readers, so tiiat bottoni-Up processin^g was 
relatively automatic, thus permitting top-down processes to 
operate. Their reading rates indicated that this was not the 
case, however. Estimating reading rates from the control cbn- 
ditibh^ the second graders read at 123 Syllables/minute, fotir to 
graders at 161 syllables/minute, sixth graders at 181 syllables/ 
minute, arid college students at 270 syllcibles/mihute^ The 
children's reading on the whole was hot as fluent as skilled 
readers; they read more slowly and haltingly. These particu- 
lar children may have been more highly skilled than one would 
expect from their grade levels (standardized reading test 
scores were not available), but still they were not reading 
at adult levels. The use of relatively easy, grade-appropriate 
stories may have allowed the children to use more advanced 
reading strategies. Also some of the children's inef^^ 
may have been masked by their slow reading rates. Whatever 
the reasons, there wisre ho significant differences in the 
pattern of results across grades. 



The results of these experiments support ari interactive 
model of reading* There was considerable evidence that a 
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strictiy bottom-up niodel wbula not be adequate. Perhaps a 
sophisticated serial model could be developed, say along: the 
iines of McClelland* s {1979) cascade S6del> but an interactive 
model appear s^ W Reader s use^ a 

formation in constructing their mental representations i They 
integrate meanings word by word rather than leaving the con- 
struction of a sentence representation to the end of the 
clause. Furthermore, the interpretation of clauses is not 
autonomous, even though it may appear that way at times, 
children learning to read use the satne sorts of processing 
strategies as do skiiled readers. Aithou^ they process the 
input more slowly and require texts of appropriate difficulty, 
the basic structure of the comprehension processes is the 
same for children and adults i Mthough the task used here 
was oral reading, the conclusions can be extended to reading 
generally. If the secondary oral production task had any 
effect on the reading process, it would have been to slow the 
process down and make it appear more bottom-up than it is in 
silent reading. Since this effect was opposite to what was 
obtained, the generality of the interactive model is enhanced. 
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F igu re Cetptions 

'<>.■■ ■ • 

Figure 1. A portion of a story for college students illus- 
trating the different types of textual vibiatibns. 

Figure 2. Disruptions in skill^a traders • oral reading per- 
formances resulting from lexical , syntactic^ semantic^ 
and factual violations. 

Figure 3. A portion of a story for second grade children 

illustrating the different types of textual violations. 

Figure 4* Disruptions in second graders • oral reading per- 
formances. 

Figure 5. Disruptions in fourth graders' oral reading per- 
formancesi 

Figure 6. Disruptions in sixth graders T oral reading per- 
forihahces* 
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InLdracbive Models , ; • - - 

Comprehension of language involves the transformation of speech or. print, 
into a mental representation of what the lis terier /reader thinks the speaker/- 
writer intended. The representation arises from the interaction' between the 
input and the knowledge base of the listener/ reader . A major contemporary? 
issue is liow and when different types of information sources ara used during " • 
comprehension. Many models of reading (e.g.^ Gough^ 1972; LaBerge § Samuels, 
1974; Massnro^ 1975) have emphasized "bottom^up" processing in which differ-. 
ent sorts of information are extracted in a s trict serial order beginning 
with information closest to the physical input and ending with more abstract 
conceptual information. 

Although a bottoin-up orientation fits comfortably with our intuitive 
.notions about coinprehension ^ it has difficulty handling the robustness of 
human communication. Substantial distortions in the physical signal, for 
example, >;arbied speech or scfrivled handwriting, commonly do not cause serious 
difficulty for listeners and re.- i/r?. Listeners and readers rarely notice 
vague references and ambiguous p-ifas::ags. Apparently they interpret such 
constructions without reali7.ing tlic pitiS^ncc of a potential problem. These 
casual observations of everyday ph ,'=.''.c;ner;'i hax'c laboratory counterparts in 
which processing of iower-ievei info^-siation is facilitated by presentation 
in a larger context. Phoneme*? and letters are pc-rceived better when pre- 
sented in the context of a word or sonterne (Ueici-.er. 1969; Wheeler , 1970) . 
Words are identtficd more accurately and rapidly in a grammatical, meaningful 
sentence than in unj;r.'unnia tical or anomalous strings (Miller & Isard, 1963; 
Stevens & Rumelliart, 1975). Sentences' that are vague and ambiguous out of 
context are readily interpreted in a story (Bransford & Johnson^ 1973). 
Finally, interpretation of paragraphs is aided when the listener or reader 
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has sufficient knowiedge about the topic to provide a schema for interpreta- 
tion (Dooling;& Lachman, 1971; Kintsch fit Green, 1978), . .The^q phenomena. , . ' . 
result from more abstract information influencing decisions at a lower level 
of abstraction. Any adequate .node! of comprehensio^n must account for such 
"top-dovm" effects. 

The existence of top-down effects has been widely* recognized (Danks & 

_ _ • ' ' . • . ♦ 

Glucksberg, 1980, Flores d'Arcais-& Sclireuder, this volume; Rumelhar.t,* 1977; 

Wildman & Kling, 1978-1979), but precisely what they portend for models of 
comprehension is not widely agreed upon. A pure top-down model in which 
information passes serially frbnr a meaning representation to 'input is implau- 
sible, if for no other reason than that the iuput itself does exert consider- 
able control over the listener/reader's interpretation. One response to 
demonstrations of top-down effects in language comprehension was to add 'feed- 
back loops such that information about decisions at more abstract levels of 
processing was returned to lower levels of processing. However, top-down 
effects are spread acrpss the entire range of processing levels. They are 
not restricted to a single * level , or even a few levels, of processing. So 
the number of feedback loops needed to account for all o;f the top-down effects 
would result in .n-.c intcrco; -nection of virtually every level of processing, ' 
In such a r.::Mlel, : h- notion of directionality of processing loses much of its 
force. 

Several l^.westi.sntors have proposed interactive models o*f language pro- 
cessing (Danks & Hill, in press; Uist & Carpenter, 1980; Marslen-Wilson, 1975; 
Rumelhart,::!^;/): r^c^ detail^ ;.f the irtteractio:7s are far from clear (cf, 

the papers in Le:^sv^\d 1-^ --^rti, in press) . Interactive models diminish the 
importance ot unlcJ i r cion ; : . of processing as n salient property of Compre- 
hension models and allow a mcrt: npeP system of how in formation is transferred 
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among conjponents. 01: necessity, some measure of directionality is retained 
because the listener/reader does start with a perceptual input and ends with 
a^ meaning representation. However, that directionality is not the overriding 
consideration. For example^ a listener may impute meaning to a speaker's 
silence even though the listener has no input to process. So determining 
the directionality of information flow may not be as critical for building 
* a model of language processing as"" had been assumed previously. ' 

A problem with most Interactive models is that they are too powerful; " ; 
that is, they do not exclude any conceivable results. For example^ most , 
interactive models are capable of explaining bottom-up and t. ^'fectTs 
separately or in combination. Any model, and an interact^.ve If.ically, 
must be sufficiently precise that it can be falsified by rjmG cxvable set ■ 

of data. This requirement is complicated by the fact that languap/e ivrocess- 
ing is extraordinarily flexible, so any model of language processing has to 
be very powerful. However, models cannot be allox^?ed to grow too powerful 
or nothing is explained. 
Properties of Interactive Models 

In this section, several general properties of interactive models. are 
described. Not all interactive models accept all of: these properties, but 
each property can be identified in one or another interactive model. 

1. Results o.r processing at any level are immediately and simultaneously 
available to ail other levels. A model i7ico rpora ting the most powerful variant 
of this property was proposed by Rameihart (1977), in which all information 
resulting from processing at each level is deposited in a message center where 
it is available to ail other processing levels. For example, as soon as a 
sequence of phonemes is identified, that information is available for use in 
lexical access . In some cases, a word might be identified before all its 
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phonemes are Icientifiocl (Marslen-Wiisoa & Welsh, 19785 ; For another example, 
information about the discourse topic may aid identification of specific 
words '(Fos.s & Koss, this voluina) . 

The power of interactive models can be limited either by restricting the 
availability of information or by -restricting the types of information specific 
LcvejLs arc capnblf! of processing. For example, only phonetic information might- 
be used in lexical access to activate candidates for idontif ication, but* then 
syntactic, semantic, and thematic information could be used to select among * 
candidates (Marslen-Wilson & Welsh, 1978). A variation of this property that 
permits retention of some hottom-up characteristics is to allow intermediate 
results from one processing level to be available* to other levels before the ' 
first level has finished (cf. McClelland' s cascade model, 1979, and Perfetti 
* & Roth's reading model, in press). Thus, more interaction among levels'of 
process in j; is poriULti:ecl than with a s trier. Ij^ serial, autonomous model. 

2. Processing proceeds at all levels in parallel constrained only by 
the availability of information on which to operate (Just & Carpenter, 1980; : 
Marslen-Wilson, 1975; Rumelhart, 1977). Any given level of processing does 
hot necessarily wait until processing has been completed at any other level. 
Any level is pjitontially active at any point in tiine. . ' 

One constraint on this property is that giome times processing at one level 
cannot proceed wit;hout information from some other Level. For example ^ con- 
struction of sentance mcaMihg cannot proceed without identification of at least, 
some of the wards in the sentence. Listeners .ind ^readers may have a good idea 
about what speakers and writers are goiiig to say and write, but they do not 
enjoy perfect proscitinco . A second constraint results from differences .in 
rates of processing among processing levcJ.s. Some processes proce^^d automati- 
cally because thoy arc so well practiced. For example, it is very difficult to 
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inhibit meaning access because determination of meaning is the primary goal' of > 
communication. In the Stroop task, tlhe printed word interferes with naming 
the color of the ink. Lexical access of common words is so automatic that it 
■ is impossible for skilled readers to inhibit it. Likewise, in an oral reading 
task, sentence meanings may be constructed even though only oral production is 
required because sentoncas are understood faster than the words can be spoken . 
• (Danks & Fears, 1979). ' • ; 

3. Interactive models posit processing flexibility as a 'function of ihr' 
dividual differences among listeners and readers, as a function of the listener/ 
reader^s purpose or task, and as a function of properties of the text (Danks^ 
1978). eomprehensLon, in either the listening or reading mode, is not a fixed^. 
invariant process, but adapts to the specific situation. This adaptability 
represents the normal mode of processing. It is not something that happens 
just when processes have difficulty. Because there are so many things that 
can go wrong, the tistener/rcader never has the opportunity to develop one 
canonical process that can function effectively in most situations. 

Some listener/readers are more skilled than others at. specific types of ^ 
processing. For example, some readers have excellent word recognition skills, • 
and others are more adopt at determining the meaning of sentences (Perfetti & 
Roth, in press). One obvious source of individual differences in processiSg 
skill is age. Children, in general, have different sorts- of processing stra- 
tegies than adults do (IJever, 1970), especially for reading (Schwartz, 1980). • 
Skilled readers have developed some automatic processing strategies (LaBerge & 
Samuels, 1973). in contrast, children learning to rc-ul frequently have to 
attend more closely to each stage of processing. 

Task differences are well recognized as contributing to differences in 
comprehension strategies (Aaronson & Scarborough, ±-976; Dnnks, 1969; Frederiksenl 
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1975: GlucRsbergi liMbasso, & Wald, 1973; Mistl ov-Lachm:in, 1972). Typically, 

one listens of rends; with .1 purpose in mind. The purpose can direct attention 

to those processes tlinL» when completed, will satisfy the cask requirements. 

In addition, once task demands have been met at one level, processing at ail 

levels may be terminated (Mistler-Lachmaii, 1972) . However, there are limits to 

the amount of control that Is possible because some processing levels proceed 

» 

automatically or more rapidly than the processing at levels at which the task 
demands are met. For oxampLe, sentence comprehension ut^ually proceeds more 
rapidly tlian does oral production in an oral reading task Cl'^^mks & Vears, 1979) 

The type and structure of the discourse can alter processing strategies. 
l-*ith a difficult text, a reader may be more dependent on lower-level informa- 
tion being fed forward to higher levels of processing. With a simple texc, in 
contrast, expectancies i:an be generated at abstract processing levels such 
that lower-level procossing is lacXlitatod or even sho r t-.:.i rcuited . In addi- 
tion to v;.: cia t ions duo to Loxt difficulty, processinv: i-hauges according to the 
tvpe of discourse. At a casiial party, convcM'sa t ion may be processed only to 
the extent needed to make a polite reply, espociail.y when the listener is more 
interested In a conversation across the room. Witlt respect to prin.t, reading 
a poem, a novel, a newspaper column, and a technicaJ article yield different 
processing! strategics, ac least subjectively (Cilhson »S< hovln, 1975). Most 
poetry keys on the sound proporttL-s of words^ rhyme, rhythm, or word "color." 
hearing a poem in ono':. miud*s oar is cruo ial for unders t.uul ing the poet's 
message, but hearing a uovo.l would in the way of nuderr;laud ing its .theme. 

Technical articles rL!i|uire coij.;": idevab le conceptual prottessing; !iow the text 
sounds ir- ;''.ot nearly so ir.'.iu^r t.i n L . 

, into i: a c t i \' o mo del m» i y d c scribe i n t tM*a c (■ i o n s anuui t y o s of info r- 

mation or Interactions ainou}*. proi:ussing oomjionen i s . I'*irst, consitler inter- 



actidtis among diCferenL types of information. A single processing component 
may have access to ail types of information, but' one type may be more qseful 
than others. For exainpl-e, perceptual information is more' vaiaabie for lexical 

access tlian is tlicinatic information. In contrast, thematic, information is 

■ " _ '• 

more important for the construction of a story's macros true tare than any ' 

specific pi.Gcc of perceptual information. if the information most, typically • 
used by a process has been distorted, violated, or is otherwise unavailable 
to the listener or reader, then another type of information may compensate . : 
for the deficiency (Stanovich, 1980). One reason for information unavaila- 
bility is tliat sometliing is wrong with the text. There' may be physical dis- • 
tortious, or a story may be written in a vague, obscure, or metaphorical style 
(Bransford & Johnson, 1973). The lack of specific kinds of information can * 
also be due to 1 is tcner/treader factors. For example, children do not have 
as well developed story schemata as do adults (Poulsen, Kintsch, Kintsch, & 
Premack, 1980) and' thus depend on bottom-up information to understand stories. 
Some less-skilled readers Iiave sufficiently poor word recognition skills that 
their ability to comprehend sentences and stories is impaired (Perfetti & ■ 
f:csj;old, .1.977). So a poor reader is more dependent on contextual information 
than is a good reader who has well developed word recoj^nition 'skills (Stanovich, 
1980). This compensatory mechanism gives a processing component considerable 
flexibility since-.it is not dependent on a singl.e source of information. 

A second wny to formulate interactive models: is through interactions 
among process Lng compiinonts. Wiien procesFies make use of information resulting 
from otiier processes. i:!ie information-generating process influences the infer- 
mation-receivinj; process. If. the information comes from a more abstract- 
process, then the fnfluence is top-down; if the information comes from a less 
abstract process, then it 'is bottom-up. tnternctions among processes may be 



complete or limtfel. If they are comnletoi then one process can. influence - 
^^^^'^ si'^Ply by, (generating inf ormation needed by the other. If .interactions ' 
are limited , then there may . be sectors of processing within which processes, 
interact, but infon«ation transfer from one sector to another is restricted. 
For example, ioxlcal accoSs .uses'. infomiation from many levels of processing,' 
but macro processing accepts information primarily from sentence comprehension.- 

ftn interactive model can bo formulated in terms of what kinds of infor- 
mation interact nn a sin<:le process or what kinds of processes influence 
other kinds of vroreG'v.s. These two types of formulations are complementary 
because difTcrc/*f byj.nn of information are oha result of different types of 
processing, U. is a question of '..nothcr ih^ emphasis is on processing 
components p;.- on type's of ivif ormation. • 
Proco ss i ufr Com pone 1 1 bs 

There are three major procossinf;; comimnnnis in language comprehension: 
lexical access, r,,;i!lence compi-ehension , and discourse understanding. Lexical 
^^■^"^^ involves lociaf.ing a lex:* cal item in the mental dictionary and selecting 
an approin-iato moainnf:. Bottom-up ix-i-cr- ptun.l information, auditory and' visual, 
is imporUmt Tor itionti fyiuf; a woixl ; howevor, top-down contextual inf ormation, 
syntac'Lic, .-.owan tie.', textual, thematic, and ractuaJ, also influence lexical 
access. How ioxicnl access mif:ht Worl< in sprjoch perception has been described 
by Mars.lon-V,'tls..n and Welsh (1978). A cohort of potential' words is activated 
by preliminary m k I .i tory analyses . In addition to continued processing of 

perceptual infonnation, checks for cotisisteucy with contextual inf orn:,-ii:ion ' : 

are i;-oed to eliminate candidates from . the cohort until a single item remains. 
Extendin,-: Mars.lcn-Wilson and Welsh's model to lexi.-P I access in oral reading, 
Danks and Hill (in press) have suggested that top-down inf omiailon may be used 
in the. selection of the initial coho7.-t as well as in eliminating candidates. • ■ 
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Forster (1.976; of. ISr.uIl.ey KorsCor, ciils volume) Ii.is pfopbsed a more strictiy 
bottom-up moclei-in wHicli a word idctitiCiecr lislAl; ohty rpdfcoptuai in 
tioii and thon is evaluated for cbtitextaai appropriateness. In iriteractive 
models, lnl.\iniKition Fn.m mu l ti pie sources cunverges i n Lexical access produc- 
ing both bottom-up and top-down offsets. Since lexical dccess provides the ' 
articulatory in formation that; is needed to pronounce a word, any interaction; 
among inrormation sources will be reflected in oral, r-eadinj; and speech shadow- 
i.ni; tasks. . • . • , 

[n seiij^eiu^c_ the listener or reader integratos the word 

liieaninKS into a repre.scntation for the entire sentence. Syntactic structure 
is available to iuiiUc. the lnlef;ration, but' how active a role It plays i.s not 
clear. Tiiere are two primary hypotheses ahoiii; how the .sentence comprehension 
component work.s. Che elaus.il proces.slnp, hypnl'hesi.s (C-.rroU & Bever, 1.976; 
C.irroll .- r.nienh.Hi.s. S Hever. 1978) propo.scN three .hi l.ouoimni.s .steps In it.s 
simplest ver.sjon. Fir.st. tiic mean i m);.s o f wn rcls .n .s I o red .in a worklnR 
memory burCer a.s they are .le.'.crs.sed . When the end of a clause i.s reached, a 
represent.itlou i.^ derive,! for the clau.se. Finally, the representation of the 
clause is cnteKrated with representation... of prior rlauses and With prior 
knowled,;c. The primary r.l.a rae. te r Lza t Ion of the elaus.il proeer^sinf; hypothesis 
is that it is seri.il, bottom-up, and .mtonomous. in ceutrast Is the Word-by- 
word proc.es.sinj; hypothesis (M.i r.s I. en-W i Lson , Tyler, h .Seidenhcr,- 1978; 
Mar.slen^Wilsen & Tjyler, :1980, this volume; Tyler Ma r.s len-Wi I .son , 1977). 
This I istener/re.ui. r ..tlenipt;; lo inte,;rate ea. h wor.l's mcuiin,; into a eompre- 
hen.slve represenla li.n, ;>.s s.h.m as it is aee.-...;.s..<l . IT imm.-.liate InteRratlon 
falls, the word's i;io;inin); is held In a memory buffer until intefrration is 
possible. 1-retiuent.ly, the most appropriate point at which to . reat tempt that 
inteju-ation i.s at the end of the rlause. I nteraeL i v.. mo.lels imply a word- ' 



by-word coiriprehohs Lon isLraLej^y as opposed to a claiiisal processing .strategy. 
BiiiSaiise processing prbceads* in 'p^^^ all ievtiis, each word is {jrqcessed - 

immediately to the mnxiinal extent possible. For the clausal level, that means 
attempting, to ihtegrntc the word's meaning into the composite representation 
at the time that it is accessed. / 

Isconrsc n iuler.st andinf ; , the 1 is tener/ reader organizes the represehta- . * 
• tibns of individual senLenccs into discourse struc tures corresponding *to the 
schemata of converse Lions, lectures, stories', and ndnfiction pirbse. As sen-. ! 
tcnccs are comprehended, a discourse structure is constructed that is" updated 
as a:l !itional information is received. At any point in time the representation 
is - co: j-'ritc as pojjsible. One aspect of discburt understanding is to esta- 
blish r-':-.>rent;ial cjherence for the discourse (Clark & Marshall ^ 1978) . Lis- ■ 
tcrier/ reiiders tie toj;cther the sentences of a discourse intb a cbherent 'repre- 
sentation, or text base (Kintsch & van Dijk, 1978), making bridges and inferences 
as needed (Carpenter & Just, 1977; Crothers, 1979; War'ren, Nicholas., & Trabasso^ 

1979) . r.n addition to local, coherence, listenar/readers derive a macrostruc-- 
tare, a schematic rapresenta tion of the main ideas or gist of the text (Kintsch & 

van Dijk, 1978). interacittve models permit considerable processing flexibility 
in discourse un<Ic rs tanding . Listeners and readers are abie to' adapt the pro- 
cessing s tratci;lc,s and knowledge they have available to the wid.e variety of* 
texts that they cn/oiuiter. 

The emphasis in interactive models is on processes rather than on repre- 
sentations. In reconl: years, coj^nitive scientists generally have shifted 
away from attemptin.s; to specify, rcprcsenta tiotial structures to identifying 
the cognitive processes that produce those structures (Danks & Glucksberg, 

1980) . A change in the kinds of experimental tasks has attended this shift. 
Memory tasks provide ini.ormation about mental structures and representations, 
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IniL. littU- intonn.ji.i.)ii nhoul pro(*osr;t-s . Moiu-o, i iivi'>? I i ,x.U:o rs luivc devoloped 
other tiisks, siu-li .ts plinjioi;ti^ nncl OTi-ii mnnlLorinj;, jiiVooi-ir^s^^^ oral 
rciulin^^,, .uul vyv uu>voinont nuin i to r tii); , thnt y .L(vl.il oii-l.ine measures of process- 
int;, do.piMi.!LMU: uuMSMres ih:\\ aro ri^oi-tnltMl i-iMi»-iiiT(M>l 1 y with" procossinj^. 

AlLluni);l! ova\ iiMiliii)». is misimI {riMjiirnlly i li . si-liOiM s to evaluate reading* 
(i)urkin, 7S~ j>) 7'? ) , ifs )m-oc I'ss rii;.; roqu i i .miumi ts :\vc n^t fully understood* 
(D.inks iS. I'o.irs, M?/VM. In (•onlr.i>;t to silent rra-.linj'., Mu^ clomiiiant task 
demand in iM-al. rt'adiuj\ is tliat each word Ur uLlcri'd in sim* i.a 1 order. Oral 
roadinj; yi^Uls .i rou t i nuo us. .^n- 1 i rfSponsc that ii >: ri^iir.lily contemporaneous 
witli the vi.sii.il iupuf ;nul with i'omi>rohens i on . U i the reading; counterpart 
to spOi'i'ii shadow ins:.. The ni.iin iliireriMu-.o is I hat in .shadowing the listener 
doe.s not t t>ntrol i h.* iM'dof ;nid ralo of itipui as thi' n^adiM* doi\s, but this 
tl 1 1 I crciir f r-MTi'spiMids (o iho 1 1 i 1 I ( ' T o u <• o lM't\i'i'(Mi lis!i'nin)\ and read.inj^ j;ener 
ally. 

Till* oral ri.M(l.'i"*s priin.irv L.tsk \ :i or;il pfo,hi(-( ion. Tn acfomp 1. f.sh th1i5 
task, I'.ii h wofd ir. liMMtnl in i h*' ni(.'n(.il dictionary and I lie artirulatory 
inloi-mai. ion is n::ra In pronoimi'i' ii. A tvculcr i)o i rn I i a I, I y could use lower- 
level, i n h> i"Mj I ! ii Ml , ::<\r\\ as )'.r.'iplii'ijir-pluMio;!!i- I'lM* rospon(U'n(!e.s , ^ipelJIn); pa I - 
lern.., or syll. d>ir ! t ur t: lu"*" , lo pronouncr .\ wor»l w|ih<Mil aciM\ss i n)» if:. How- 
even-, sinrr ! i-;idoi.;s .|o uol read iH-out)imt;,-;ih I r nMn\.H)rds unlirs i tani; 1 y , depon- 
dcncc (Ml lower--! n^'ol i n Co nn.i U on is wnlilv.-ly. V/hrn or.i! roadiu): is fo I I;owed 
by a c^)^lPl■ohens lot) i.-si, i h,- i-.m,|,m also nords [o nn.li island (he phrases, 
senlc;:.«'s. i>a r.M- i-..;'hs , aniln:iin i(l..,<ol i hr i«'v|. I n I o nn;! ( ion I rom S(W(M-aJ. 

levels ihrfW: he 1:5' • i .M rtl [o rMn::f;:„t ;l liMS-'lKdlN- i u I o t p Ti ' t a (. I o u , OtirlU); 

r 

oral rtvidiii;:. ; trior is ;iMoi:ipUtu\ ::.iMslv I <w h Mio vim-|i;i1 ptM-|onnanee 

and tiie . -onpr.-lh. donun at l h.' !:.iiiir M;.,,,-. |>,,i ||,,. pros?; ol i" he piM' To r- " 
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mancc deinatid is j;reater. Analysis o I; oral reading pdr for ma rice provides an 

excellent- opportunity to vnudy lexical access, sentence; comprehension, . andt 

discourse uirders landing in a relatively natural situation.* 

. In the three experiments reported here, we investigated what kinds of 
information are used by the lexical access and sentence comp>rehension compo- 
nents. An oral reading task. also permitted an estimation as to when the 
different types of inrormatioh wore being used.* Specifically, the point in 
time when different types of information were processed was assessed by 
violating each inrormation type. II: that information were normally used 
in oral product.ibn or in comprehension, then oral performance would be dis- 
rupted because the. norninl interplay among processing components would be 
modified to compensate for the violation. Furthermore, the disruption 
wortld be temporally close to when the violated information was needed b'y 
the reader. Our basic method was to change several critical words in a 
story, sucii that one or more types of information was violated. We : then 
analyzed readers' oral productions for disruptions near each critical word.: 
The relative position of the disruptions resulting from the different viola- 
tions indicated the order in which the information was typically used.. 

In three experiments, we manipulated various combinations. of lexical^ 
syntactic, semantic, and factual information. The first experiment esta- 
blisiied the bas ir. -.pa t tern of results for syntactic, semantic, and factual 
(intersentential) information. The second experiment separated syntactic 
and semantic information types and replicated the results for factual infor- 
mation. The third experiment tested lexical, syntactic, and semantic infor- 
mation and added n global text factor, namely, the critical words were • 
embedded in a difficult metaphorical story. The question raised by the 
text factor is whether infoirmation ut^ization changes when higher-level 
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iuformatibn is obsciiirtHl ; SpGci::f:ically, docs the reader becbine more dependent 
on bottom-up processing strategies when top-down information is less avail- 
• able? 

A bottom--up model predicts that disruptions resulting from .having vio- 
lated different types o I: information would be ordered from earliest to latest' 

according to the level of abstraction of the violated 'iaformation. " The least 

' _ _ _ _ " ■ ' \ 

abstract information, that was lexical inCorination in our experiments-; wodid 

produce the earliest disruption. Disruptions from syntactic and semantic 
violations would appear next, followed by disrupiiions from violating factual 
information, the most abstract in our experiments. Ortly lexical information 
is strictly necessary for oral production iilthough a reader would need to 
determine the syntactic structure to read with appropriate prosody. So a 
lexical violation would produce a disruption near the critical word. Syntac- 
tic and semantic Information would be used primarily at the end of the clause 
when the meaning of the clause is determined, so disruptions from* these two 
violations would occur near the clause boundary. Violations of. factual 
information would be important only after the meaning of the clause had been 
determined-and the reader attempted to integrate the meaning, of the clause 
with the representation of the preceding text. . ■ 

interactive models posit that several types of information are used in' 
the same component nncl so their violations would pnufuce similar disruption 
patterns. Scich made Is .jlso permit more than one component to operate at the 
same time, so chnt dtrforent infoniuition types mif;ht he ased at the same time 
by die Cerent components. As discussed earlier, pnrt of the difficulty with 
interactive model;s is sorting out thes« two types of interaction. Both types 
of interactive modeTs predict that violations of diTferent information types 
results -in disruptions that occur at the same time. Other aspects of the 
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data can be used Lo narrow Lhc range o C possible interactive models; For 

example, Lo the extcnl: ih.il: the size and range oC disruptions, as well as 

their timing, are similar, the involvement of only one processing component 

is more likely, Thii kindii o E oral reading errors provide another source of 

evidence; Cor example, fluent restorations (cf. Experiment 2) reflect the ,• 

operation oC the lexical access component; 

in general, interpretation of results depends on tlte relative positiohs 

of: disruptions across violations, not o •: the absolute location* of a dlsrup- ] 

tion. So iE violation of one information type produces a disruption before 

another v tola tion type, utiii^atio^l of the two information types is temporally 

ordered as well, regardless of tlie absolute positions of the disruptions., in 

some cases, however, the absolute position is interpretable; for example, 

disruptions that begin after a critical word lias been uttered cannot reason-* 

ably invoJ ve lexical access. The absolute location of a disruption may reflect 

in part the eye-voice span, that is, the distance between where the eye is 

focussed and tiie word bo ing ii L tered (Levin, 19.79). Hut the relative posi- 

^lot comprdiiiisecl^ . . 

tions of d L s r u p t ions i»^^b ec a u s e the size of tlie eye-voice span can be assumed 

to be relatively constant for all manipulations on average since all viola- 
tions occurred eqdally oftor^ in each critical word segment. The size of the 
eye-voice Mpan may vary syistemaLically in other comparisons, such as in the* 
results from clifforent readers, for example, children ^at different levels of 
reading skill, or results from diffei'ent texts, for example, the stories used 
in these oxperiments; tn these cases, the effect of possible- changes in the 
size of the eye-voice span muse- be considered. 
Experimen t 1 j • • . 

Method . A story about^a Irigh ''school girl who was severely injured when 
a train hit hor school bus was adapted from a popular magazine. The story 
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wns N rewriL ten to eJ.iininatc ;iJ I ci.Mivcrsa tion arid aiiy dilificult or infrequent 
words. The final isto.ry wais 2171 words long and its readability was 7., 8.; ; . ; , 
(Fry, 19(38). It was divided into four sections of approximatiely equal length. 
Four critical words were selected in each section, separated by ah average of 
129 words. The critical sentences for all experiments are contained in the; 
Appendix. . 

There were four inanipula tious*' o f the critical words three types of viola- 
tions pius a control condition. In the following sample segment^ "Her daughter 
had always been weak physically. liecause of this, she even imagined her 
daughter beitig injured by the other children while trying' to get out of the 
wrecked bus," tlie CL-itical word was -ijvjur^d . In the CONTROL condition, there 
was no ciiange in tlie critical word or in the surrounding text. To produce the* 
SYNTACTIC + SEMANTIC vioJ.ation, both syntactic atid semantic information were 
distorted by replacing Liie critical word with a word that was the incorrect 
part of speech mid that was semanticaiiy anomaioas. The critical word irijur'e^ 
was replacrti with i re bel') ;. To violate SEMANTIC information without disturbing- 
lexical or syntactic information, the critical word was replaced with a word 
that was semanticaiiy anomalous, ? 'vt which was the correct part of speech,' 
for example, p Ian ted replaced inj ured - Readers can still deterinine the gramma- 
tical structure of tlie sentence, but the meaning of the sentence is distorted. 
At best, tiiey liave -^o imagine some very unusual circumstances in which the 
anomalous word can hf^ inLoiprcted metaphorically, FACTUAL information is 
accumulated from f.Iie preceding; text, so it was violated by introducing an 
inc(insis tency between Lhe critical wo lxI and the preceding sentence. Unlike 
the otiier violations, neither tlie critical word nor the sentence containing 
it was altered, Tlie sentmce immediately preceding, the sentence with the 
critical Word was modified such that the critical word was factually incon- * 
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sistent villi the infonnation of that sen i.c-* : ; Ta the exampl<jj the word weak 
in the preceding sentence was replaced with strotx^:. . The fact that her daugh-. 
*ter was strong was inconsistent with the mother .jorrying about her being 
injured. There always existed a piaasibie substitution for the critical word; 
otherwise^ the reader might sense something was amiss prior to reading it. / 
• For example if the daughter were strong, the mother might imagirue her being 
•safe, unharmed, or helpful. All modifications were selected such that 'therfe 
v/as no plausible continuation following the critical word that would resolve . ! 
tlic inconsistency. 

Four versions of the ritory were constructed such that each violation 
occurred at each critical word segment in one version. There was one viola- 
tion of eacli type in each section of the story. Bach section of the story 
was typed starting on separate pages. Critical words did. not occur in the 
top or bottom three lines on each page and were at i;east three words from 
the beginning and end of lines. 

Subjects were li male and 29 female undergraduate students enrolled in 
general psychology courses at Kent State University. They received, points' • 
■ toward their grades for their participation. All were native English speakers 
and were not screened for reading ability. Subjects for all experiments had 
not participated in any .ther oral reading experiment. Four experimental 
groups of 1.0 subjects were defined by the four versions of the sroty. ; 

Subjects were tcst^l individually. They were told that the purpose of 
tiie experiment wa.s'jto c>:aminc the relationship between reading and comprehension 
They were instructed Lo read each section aloud, and then to write a summary of 
it. They were given as much time as they needed to read and to summarize, the 
story. The reading performances were tape recorded for later analysis. In 
order to provide some wa.rni~up for the readers, the first critical word did not ' 
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occur. uriLii the boLLom () f Llic liirsL page. 

AnalysGs . In riiicnL speech, each word is noL spoken with clec^rly 
disCihguishi2ci bej; Liiii inj; and eiui.Lhg sounds as it would be spoken in isolation, 
F.hdirig sounds of one Word are hlcndod with the bisf'innLilg sounds of the next 
makiiH^ it difficult to iuark precisely where drio word ends and another begins, 
Ihc rtisul t Ls thai two words in.-iy be uttered as if they were one long word - 
with no break soparatlnj; them. At* tlie other extreme, some words are pronounced 
wiL\\ a break in the midtllo. , lI e p end in on tlie particular configuration of ; 
plioncmes, liecnuso t»f those possibiliti es, ' th'i text surrounding each critical 
word was divide.d i.uLo wo rti nuits^iii ortier to facfJitnte measurement of disrupt 
tions. Wo I'll units v.'ere Hju'cificd by .listeninj^; to several readers and dividing 
the text surT'ountl i nr, I lu- (m: i t Lca.l words into |.',r(uips that were prbnouriced as a - 
unit. The most rohsi>U<.fnL jihraseolo^^y ac:ross ireadery was adopted. Word- units 
typically consisted i) f dug or two words, rrirely three words, arid aviaraged 1.54 * 
words lon^i. 'ihey did iio L nocessari.ly follow t!le Myntactie structure of the 
sentence. I'ivi/ wiM*d units before and five woi'd tinlts after each critical 
word were identifiod and v;'ej*L* iiunil^cM'ed front -5 i.o -i'5 . 

The pri\nary <icpendout variablti was the p ro<! uc: ti on time for each word* unit. 
Those tinu's wej-i.: nea Mured hy slowinj; the tape rccordt:r to half-speed. An 
experimenter tiien picssed ,\ kt:y at the end of each wrird unit. A lab computer 
monitored the l:ey [m- esses ,ind timoil the lateral ies between them. Each interval 
included t he p rodur t. i « »n tii:n^ fcM: the v.'onj uniL itself and any pause, hesitation, 
oi: filler vorl:* III. it pretH»dj/d t h<.' wurd'tniit. J^inci* tlic critical word physically 
viianged betv;eeu I lit* ci^nir'^i. .'"yntae t ic 4- M-nantic, and semantic conditions, 
the producliiii ttrt-:. i»M- lAxV- eritleaJ vo r i itstH.f vjglc not comparable. An 
additional lal* ii, v v.ms "uMsurod fi-orn tlie end (M* wtM'd unit -2 to the beginning 
of the eriLic:)!, vn'.m-I. Ii)e produ^ttlon t. i nir tor word unit -1 was subtracted 
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from this additionnl Ln'cency. The diC friererice corresponds to the time between 

the end of word unit -1 aiid the beginning of the criticnl word". This value 

t - -- ... .. . . __ 

was used as the production time for the critical word unitin all analyses. 

It wais impoiSsibic to have an experimenter who was bVind to the experi- 
meiital manipulations measure the production times because any English speaker * 
would recognise the violations on hearing the ta.ped protocols. In order to 
assess the extent of experimenter error in measuring ' the production times, 
inter- and intra-experimentcr reliabilities were obtained. Seven randomly ^ 
selected subjects* protocols were measured by a second experimenter. The 
latencies were correlated with those from the first experimenter, yielding an 
average correlation of .y/f. The same experimenter retimed four randomly sel-" 
ected subjects' protocols from Experimert 3 (reportctl below) about one month 
later. Tlio avcra^^e corrcl;ition between the two sets of measurements was- . 98 . 
FinaJly, a spec troj;raph ic analysis of eight randomly selected subjects' proto- • 
cols from Experiment 2 (reported below) was prepared. The relevant production 
times were nieastired from the sound spectrograms and correlated with the experi- 
menter's timing; tljci average corralatlun was .91. iMarkihg word boundaries on 
spectrograms is far from precise, btit the source of the error is visual un-* 
certainty in contrast to the auditory uncertaiiity of the experimenter's timing. 
Since the error sources are different, they would tend to attenuate the correla- 
tion. Thus, the procedure for measuring production times was reliable. 

The production times were analyzed with a mixc(l analysis of variance: 
Croups of readers^ a.s defineil by the four versions of the story, was a 
between-subjects factor. Type of violation, word-unit position around the 
critical word, cind Ssction of the story were within-subject factors. Versions, 
violations, and se^^ments were arranged in a Latin-square. This design per- 
mitted calculation of a qnasi-J[[^ ratio (F_^), in which both subjects (individuai * 
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rcnderK) niul L.'in;;o;i,:G mnCerlais (critical word segments) were random fac- 

'^P'^s conCri.ba.ttn a ..sin8ie..erro.r .±erin ..(Clark.,. ^.97^ All Reported • 

effects were sif-irtficant with £<.05. The three experimental means were ■ 

compared to the control mtaan at each word-unit position using :ind±vidual 

planned comparisons (Winer, 1971), based on the quasi-F mean square error ' 

term. The planned comparisons comprized less than 4% of the possible 

_ ' • ^ » 

comparisons; 

A second dependent variable was the probability of a tnijor disruption. * 
at each word-unit position. Major disruptions were defined as pauses of at 
least one second duration, substitutions, omissions, reversals, stammerings, 
mlspronanciations, repetit ions ,. and regressions . In short, any deviation . 
from Fluent oral reading that indicated that the reader Soticed a violation, 
was scored as a major disrupt.lon. Only one disruption, was tallied per word 
unit and the L'requcnctes wure converted to probabilities. The major disrup- 
tion data were used to confirm the results of the f.H-oduction times and to 
provide (jualitativc information abc - tlie disruptions. In Experiment 3, the 
corrdiation hetwnen production time and maior disruption means was .93. ■ 
Production t.Lmcs were lenj-.thened by the major disruptions, as well as by a 
neijtiral. slow uir, i: oral production. Yet there is no reason 'to attempt to . 
separate tho.sc iiiriuences because! botli reflect a disruption of the under- 
lying cogu i tivc .processes . 

M^oits- 'I'lie mean production Limes as a function of violation type and 
word-unit position are presented in Table 1.' Since word units differed mark- 
edly iu physic-.,!, ..i.>:e, only the dirforences in production times between the 
experimental and control conditions were interpretablc. These differences 
are depicted in Figure 1. The effect of primary interest was the signifi- 
'^■'^"'^ between violation type and word-unit position, (30, 240)' 
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- - - ^ - - - ... _ . _ 

5.029^ .001. A clLrrorenco of 62 msec, in mean production trlmes was 
significant. 

FiKSur I. T;ibic i and Figure 1. about' here 

Both the synf.acLic seinmtic and the semantic violations diverged from 
the control condition at word unit -1, The syntactic. -f semantic disruption. * 
peaked at the critical word, bilt the semantic disruption did not peak uiVtii 
word unit -fl . Botli disruptions continued to stay above the* control through, 
word unit -f'J and also were significant at word unit -f5. The factual incon- 
sistency produced a much smaller effect, and was sij;ni f icantly different from • 
the control only at word unLtf; -Hi and H-2. The mean probabilities cf a major 
disruption confinued the results of the production time analyses in all 
respects. 

Since both syntactL<: ^- semcintic and semantic violations yielded lengthened 
oral product ion times before *tiie critical word was uttered, both syntactic and 
semantic i n fo rm/i t i.on e vider' t ly was beinp, used in lexical access because 
words had to bo accessed before thuy could be uttered. Both violations 
also were disruptive wei.l after tlie critical word was produced suggesting 
disruption of sentence comprehension. The factual inconsistency was ,disrup~ 
tivc only after the critical word had been uttered. So violation of 
factual; cri format ion did not liinder lexical access, but it did affect sen- 
tence comprehension and st^^ry undorstaiuliiig. 

Tlic syntactic -4- semantic vioI;ation Iiad a iarj;er disruptive effect earlier 
than did the semantic, su|»;;es tin^; that the syntactic -f semantic violation 
may have been a violation of two independent knowledge sources. If so., 
then con f ountl Iim: syntactic and semantic violations in a single manipulation 
can accotjut for the j^reatcr disruption and the earlier peak of the 
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syntic-ictlc '\' auinriuLic viu Li t: ioii rtiJaLive Lo the purely semantic violation. 
If two independent inforniat ir^n sources were vioin ted , the. likelihood . that 
a violation wouJ.d bo notirod in one of them is j^'roater than .if only one 
i n f o rni :i 1 1 u n 5^ o ii r c c: w o r o v i o Li t c tl . 

H:':p oriment 2 ,. 

Kxpcrimont 2 w.is similar to Experiment i. The story and'* cri tical words 
were the same. I'He syntactic -P semantic violation was replaced with a ' 
syntactic only violation and the semantic violation was retained. This . ) 
chaiTge permitted a direct comparison of whether syntactic information was 
used at the r.amc tunc as semantic information and whether they were inde- 
penci i sf)iii'ces of information. 

Method . The story used in this experiment was identical to that used 
in ICxperimer, t 1 with the following exceptions. To violate SYNTACTIC infor- 
mation alone, the root morpheme of the critical word was retained, but the 
inflection wa?^ (:han};od to that of a different part of speech. For example, 
tlie verb in-j tn'cd was chanr.ed to the noun j£ijji£V. Although some semantic 
information is carried in syntactic categories, tlie reader could deterSine 
the intended iiioaninv; relatively easily. Several of the factual violations 
were rewritten so that tlie inconsistencies seemed more striding, at least 
to Che intuitions of the investigators. Only four word units before the ' 
critical word wore scored and the slightly altered word uni lis averaged 
I . 60 words long . 

The subjects were 17 male and 23 female undergraduate students enrolled 
in general psychoJogy courses at Kent State University. All were native 
English speakers and were not screened for reading skill. The procedure 
was identical ic» tiiat used in Experiment I with one exception. Instead of 
asking for suiimiaries, multiple-choice questions were prepared for each section 
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of Lhe sin.vv. Tliur-Ui (j uui; L ions LcisLGcl literal, Factual information that was 
unrelated to the crlLicnl. word segmenLs. Readers were very accurate on these 
qUesLlou-i (over y")/: con ^ t) and there was no varia tion acrbss sections or 
vers*'^'""". • 

R(.! sul Ls . Tiic inc»an production times as a funcLLon of violation type, and 
v;ord-nniL posLLLon arc presented in Table 2. Th'> differences in mean pro- 
duct ion Limes boLv^;een Lhe uxper'linen Lai and (Onlrul conditions are shown in 
Fijvire . Tlu; criLlcal. LnLGr^ :t.Ton between vLolation type and word-unit . * 
poslLi.on was s i.r.n L [ i.eanL , {21, 216) = 2.891, j2^':.001. / A 71 msec, differ- 
ence In means was s i.j',n i f Leant . 

« 

InscrL Table 2 and Flj',ure 2 aixniL hero 

TIio syntacLi.e and scmancic: violations 'vjLli produced increased production 
'mes l)u^;innln)\ aL wotfl unit -1 and continulnj^ throuj;h word unit +3. The 
icves foLlpwcd caeli other almost exactly, pcakinj^ aL word unit +1 (the same 
as ttie seniatiLLc: disruption mi [•:xpc:rimcnL i), except tliat Lhe syntactic dis-. 
ruptioii d'.v.lined fasLer aL wvd units +2 and 'llie pattern of results 

from the p rohab i 1. i Ly of a major disrupLion analyses confirmed the production 
time resuttn. The synLacLlc violation produced a major disruption at the 
critical word a lar^>e percenLage of Lhe Lime relative to other violations — 
syntactic = "/H/i^ M(iinantic = AA..!, and faettial = 8%. Half of these syntactic 
major disruptions were rcstoraticMis of tiic eorrecL form of the base word with, 
the svntact l.ca I ly correct inflection. Vor. example, "injured" was uttered 
wlien ijUi^LLy ^'^''^^ prinLed. Sixty-eiglit per cenL of the restorations were fluent 
ones in Lh/iL Lhere wa^-; no jiause or oLlicr disrupLion immediately before or 
during; pro.Iuct: [.mi of Lhe resLoraLion, If rcsCoratiuns are excluded from 
both Lhe synLacLic and semanLic disruptions, the percentages of disruptions 
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at tiie cril.h';]l wtjrrl ware v .-rt:u<:! iiy identical — 33% for syntactic and 34% for 
semantic. The restoration of tlie ori^iuni criLicai word in the syntactic 
vi(.iatioii coaditiion was a top-down effect, Appnrri;tly, readers were attempt- 
ing to mnkc scmsc of the text, so the origin^tl cri'cicai word was anticipated 
and restored.' Readers 5u])i^t: itated the orijUnah criticril word in their produc- 
tions bec:Mise tlint was tlie word they were an ticipa t ing ' and the first several 
• letters of the printed word confirmed those expectations. This restoration 
offect ±3 very stiiittar to that obtained by Ma rslen-Wilson and Welsh (1978) in * 
a speech shculnwtng task. 

The disniiition from tiio factual inconsistency Uris larger although it 
sriil was not as ±arj;c as that produced by the syntactic and semantic -viola- 
tions. In comparison to li.Kperiment i, the factual disruption' was s;/;''.:x?d *• jr 
thr -e word units (4-1 througii 4-3) instead of two and the peak was approximately 
60% liighfu". Even tht)u^7;h the factual violation produced a larger effect than 
in Che preceding experiuient , it still did not infjnence lexical • access of the 
critical word. \t9, offect: on sentence comprehension increased, but whether 
that cffcc.f: occui- rod at the clause boundary or at an earlier point cannot be 
determined directly from these data. 

!:'.>: perinie nL _3 - , 

The story used in the preceding experiments was interesting and easy to 
understand in sj)iL,e of the violations. It h. d );ood coherence among sentences 
and a macrostrucLure seemed easy to cor.struct. IIow would processing change 
if the story were disjointed and if the events wore strange and metaphorical? 
Many studies have shown that disordtM'ed and sc r/inil)l ed stories are difficult 
•to understand and recall (Kintsch, Mandel, & Roznrinsky, 1977; Handler, 1978; 
Meyers 6 Botdrxck, 1975; Stein S Nez-.;orski, 1978), For this experiment, we 
selected- unrelated paragraphs from a novel that described difficult to under- * 
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stancl happenlu};s wril;tcn in :\ li 1 y metaphorical ^jtyle. Becaase. of this 
style, a reador would hive difficulty conjstructinjn; . a cpherent text base. in 
adciition, It would htj exLrdmely difficult to construcl' a macros true tare in- 
corpbra t i.iift all para}!;raphs because tliey'weue not linked in the novel. So 

there would be less* coutOMt.ual information to aid lexical access and to guide 
sentence compreliens von . fu };eneral, a rc^ad^^r would be more dependent :-n 
botuom-up processing to compensate for tiic n'duced discourse information, *• 

In .'uhliLlon to removing discourse information, we introduced a direct ] 
violation of I.eMLcaL information by replacing the critical word with a pro- 
no unceahle nonwoj'd. Hy definition, lexical access would be Impossible because 
t lie. nonwor d war« not in tlic reader's mentaJ dictionary. T.f the reader were 
using lexical information to pronounce the word, tiiere would be a disruption 
In oral po r f o rniance . I^ul* if the reader were relying solely on grapheme- 
phoneme correspondences to pronounce the word, there would be no disruption. 

Metliod . Kifteeii paragrnpHs averaging 12-'i words long were selected from 
a contemporary novtvl , The. passages were not contiguous in the novel, but the 
temporal scfpience was n iiiitained. The paragraphs seemed to the investiga- 
tors to he much moro vague, metaphorical, and difficult to follow than tfie 
story used i.n the first two eKj^erimen ts , However, the readability of these 
paragraphs was 6.0 (I'ry, 1968), nearly two grade levels less than thxii i^tory, 
Thi:: contrast reflects the fact that standard readability formulae do not 
moasure discourse and conceptual: properties of texts (Kintsch & Vipond^ 1979). 
The first three pnrag,raphs ware used for practice. In each of the remaining 
12 paragraphs, one critical word was identified that was not near the begin- 
ning or tlie end of tlio paragraph. E'our nouns, four verbs, and four, adjectives 
were selecte<l as critical words. T-ach critical word was changed to form a 
lexical, syntactic + semantic, or semantic violation, or it was left unchanged 
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iis i\ ciMiti'ol. I'oi* f.lu* liKXK'AI, viD.i nl: ion, the c:r it lea ! orcl was replaced with 
a prbnonnccah nnnwortl Lhal: ft^ 1. hn-jcii the nii.es o »" l-inp, ■ ; sh o rthographic 
structnrtj. In Llit lul lowing; exanipie, the criticaJ; word cool was replaced 
witli bn)j\o_n ( 1-^^^ ^t-'H. ), n^cno (synLactic H- semanttc), or s harp (semantic): 

WhcMi Llial: was dene, she pointeci to his knac and removing the binding.- 
spread Lhi* root pasLii Lhickly on the swot;!; en flesh,. " . • 

Tiioiro were (our dirfcrenl: vcMrslons of eacli paragraph representing each 
oxper imcMiLa 1. man i pu l.a t: i o!i . CrlLical words from otli-zr paragraphs were inserted 
to crenlc Lhe synLacLic H- scmantfcc and soniantic violations. The occurrence of 
critical words was counterbalanced such ' hat no subject saw 'a specific critical 
word ticLce excc^pL in the contro:! condition. 'I'hc four versions of each para- 
j;raph were asse^mbled InLo :..ar presentation sets. V/ithin each set, each manipu- 
lation occurred Lhree Limes, once as a noun, verb, and adjective. The 'sets were 
complementary so' tlini: eacIi maoir>'. 1 1 at ion or.curred once in each paragraph across" 
versions. I'iie parai;i:aphs wr* ^vp'v.l on separate pa^;es and arranged so that 
tlie cr.it LC'il words clld not occur near the bosunniugs or e>.ds of l7' r :s. 

Tlio subjei'ts wcTc! 13 male ami 27 fcmaLc undorj^raduate volunteers f : '"^m 
gencr-\] psycho l.oi:y c.lassc^s at. K( iit State University. All were native English 
spoakurs and were not .sci'oened for readinj; ability. The proc'edure was the 
same as tliaL usotl in the first two experiments except tliat the reader orally 
summari/.ed o;i<:h p/ira;;rnph after readln}] it. T!ic production times before the 
critical, word were iiioasured initial.l.y in a si i|',lit.ly tlifferent way than in the 
tvo prcced [nr. exprr imentrf; (cf. Fears, 1978). Vac times and analyses presented 
iiore have hc!eii adjtrsted l() conform to tlic previously described pattern. Other- 
wise, tbo analyiM-q were the same as in tiic firs*, two experiments. 

li"*. ' iL^i^.' 'I'^^ii^ pro(hJction tiiiu»s ;is a function of violation type and 

word-unit i.-ositfon are presented iu.raDic 3. Tiie d ,i f. f erenceij between the 
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prrxiuc t i OM tiinoj; f» i the e>:|K*rii!icnt.i ! nml cnncrol fiDiuJ i l i f>n.s arc; .shown iii 
Ftgare 3; The i nrcrac t ion bacwccn vLointinn Ly[)ci .liui word-unit position was 
s ti;ntt icnnt , \'[_ 160) = 1.899, p-<.bOl. A clifforencc of 59 msec, between 

inanns was s i >;n i t if .jni; . 



I,n:-;»ML r.'ihic i anrj Kiiiurci "3 ;il)f>iif here. 



iJoLh ]:'.•:•! i. (I a I /ind ;synt.i<:Lif -i- suina n l i ^i. v io I ,i t. i ons J f.-nr.Lii:.nc<l j) rodijc: L i on 
tir.u:s on»' wjrd uwi i h«:lor( the r: r i L i f:.-i 1, v/ord Tworfl uniL -I). di .srnption.s* 

::c:akcl it th'- ivlti: li wrd anri (innt. i hMf.:rl Lhrniiidi Wr»rrl miiLs +2 and \A, . Most 
ni the d 1 s r Mp f: i Mil-; lr.»n Irrxif-il. vitiJacLons wc-r<; pa ii.scfv ar; Lhrj rc.ifio.rs balkcjfl 
ii'-fore 'jLt'i-riiir, \tr* twonw.f.-'ilil noiiWfird. 'Mntc. tiM- nniiv/urd was hal in thc^ir 

.-:.*2nuaJ d i c t: i oiia r i •:■ s , tiir-/ h.id to prfaiMun^ifj i t; . so 1 r. : 1 y oij iJu.: basis fjf ;'»*aphemo- 
y\):u'^r.f: .> r r nd '..mi< ^ . Ihf- rurv*:: for t:n'- r.yri f:ar' t » » 'i»:riiari t i.f. rlfsnipLion 
: ! l.'.vc'd ;)r LtM: -i j sr-.pt: i o-i p** r : t I y , sii;^;^r^^L in;; 

La:w s yit I ._L i ^ .'i.ji/'jr »l i f: i i: : f j r:.;a t. i < ^n v-i . i;- l'>:ir;;ij a':f:^-.ss. f>y 

I".-: ; ih-v /."i^- '.a'; il /i'Ji iLLf>n Vi-r; » -iM':! r'<^ f.'-d , i; d i;*-; ruptod fin: 

I >: 1 ": -i J. i.'-oss ■:• . 'ii [)'.♦■ la*- •-iyii^ -i' .1 i > ^ ■,':v.in r, i vi/Wai ir^rj pr'>f; ,w:,'«f| 

i'lcinLi'.aj f.at.*:,-rr. d i . r-jp !; i a r. , syn i-iM. i .i:id/or n i i ^ i n f'o rrna L i oti 

f.^iia.-; ^-.^-'i )}/ III-: ,:\yiu(-uL . i:ri'. r'-S'ilt provid'::; addi- 

p, i iT.s : r'^:'; j';:' i ''raL': J a.i'i ^ J./iaL '^ynta' < and 

'* ' y.l i '-^i \ i :■ ■> -it ./'i rd i L ~ 2 vi- r^; ■. i r i * i ■ . j -i i, !. y r a i.r: r Liia a f. fl^• 
"• - - ' * ' ■ "• ■ • t: . ■ V i ^: ; J : i ->•; \->rr: i l i 'j:. ; . >* .\ :.'»,■, i i « • p ) .'i r»a i sa i *; '.ri-i i. 
r-; 'I'lor ■» ' « . 1 pr" - i .; ;•; v;.': *.' ; 'j i' -i i >■! ' it i ', p^/ i ri L *: i af rfi': i r cy^.-.^i 

^-•■■•rr-:. V.;::-. -i. '.\i--:r v-i = : ;i / :t:iV'- \pa':-i<:-; '-p • i r oral, 

p r v ; i . r . • r *: . : \' ' ■.* i : * ; ■. a j a * . )\-\ '.x',ci\ I i Lo r ■ J vf: 

^ - • : - •- '•■::*■• . : . . ^:ri * : . r * ;» j , ; . : -i i a:. , 
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TliL- ..iLsiupt ion i i-oin lIu; iscmniiLlc vidiacicni did noL occur antii word unit 

•Kl arid was si f;n± r IcniiL l.y Hm\LLot thhn Llic lexic.-il. and s.yHtactic + semantic . 

- . . a 

d 18 rup Lions. (Tlicrn al;;n wMS/^siKhlf icari t semrintic disruption at word unit 

-3, but this (li:sni|.ric.ii is unexplained bocnusc iL was well ±n advance of any 
disrupLLcni obt.-tincd in any of bur experiments.) In contrast to the first.- two 
experiments, the seitiantlr. violation did not produce a disruption -until after ■ " 
t!io critic:al word > cid been utterSd, so semantic information evidently was ''not 
being used for Icxicnl access. The parnRrnphs were written in an abstract 
ntyic usiny; many fiHures of speech, so semantic violations were anomalies that 
ea-iiy could have been mistaken for metaphors intended by the author. Appar- 
ently, readers adopted the qui.te reasonable .strategy of not giving high priority 
to semantic information for lexical access because it was not very informative. 
Lexical access used perceptual -nnd syntactic inl-irmaciori, which were not dis- 
torted by the dif ficutcy r> veness of tlio story. The disruption pro-' 
duced by Che semantic vioi^ . fLer the critical word was uttered indicates 
that semantic information was being used in sentence comprehension. Although 
semantic intormati.M. may not have been useful fur lexical access, it was essen- 
tial for constructing a meaning for the sentence, so the semantic violation 
caused pi-obloiiis for I lie reader at that point. •• 

In tliis Gxporimcnt, the difficult text very likely shortened the eye-" 
voic« sp-ni relativo to Ll,e first two experiments (BuswoU, 1920; Morton, 1964). 
tf such shoi u-nin,; red , tlie disrupti.uis would hav,: moved closer to the 

critical word, b, it their re 1 a t i ve . posit i. .r.s would not have been affected. 
Specifically, this sIi<Mtening would not liave changed the two primary results 
of this oxprriinenL, namely, the simultanicty of the lexical and syntactic + 
semantic .1 isrunt i,M,s and the delay of the semantic disruption until after the 
critical word was uttered. 
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h;iv(.^ pidvidod info rmh t i.bn about how ;different: kinds 
of inforih.. r: to:i 'iiiter.jcM: i.n Lho iah^ua^^o processjn)^ components, particuiariy 
J.oKicat acce?*?:> uul Hentaiicc comprehension. Overall, the' . esults . support an 
interactive utodcl. of lni^;unge processing, but more importantly, they indicate 
somethtng about the nature of the interactions. . : 

hex tea t access. Hoth hottom~up perceptual and top-down contextual irtfor- 
inatLon interact i.n .lexical access. How violation of lexical information dis- 
rupted Lc.xfcat access is evident: there was no mental dictionary entry for 
the nonword: Acconliiin to Marslen-Wilson and Welsh's (1978) modal of lexical 
act:ess, a cohort: of Wi.svds woul.d be activated corresponding to the initially 
pniccssed portion of the nonword. For example, for the nonword brugen all 
known wvds bcKinniiiR wi th U£U- would be activated ~- bruise , brunch , btunette, 
iiDllLt' IVV'iL^N Jli'_"J?IIJl'^' iVHiM' ]i£±yii> IlLlliLS.- Continuing perceptual analysis 

quickly woul.d ol.imin.ite all the candidates because there .1.. no common English- 
word beiunniny; with hyuy- or even hru + a letter with a desc :n-) :a (j^, 2, £, q, 
or y). A cbn-rk with syntactic and semantic informat.ion for contextual appro- 
ptiateness aJso w(ui!.d olimi.nate all members of the cohort. Hence, the lexical 
vioLation would ])0 discovered very ciuicicly. 

Syntactic an:J semantic Information also were Involved i,n lexical access^ 
as demonstrated by the di.sru|5tive effects before the critical word was uttered. 
Farthermore, tho patU-rn of disruption caused by the syntactic + semantic 
vtolations in I- :<po r i.mun t: 3 matciied that from the lexical violations almost 
perfectly. If svntact. i.: and semantic violations v.ere disruptive of sentence 
comprehnnsi.o.ii onl.v and were nc^t invol ved in loxicai access, the syntactic + 
semantic disrupt i.-n woul d have been delayed at least slightly after the lexi- 
cal disrMiM.Mi. !».;.. uiors would tiot recognize that the syntactic-semantic 
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.LiifoL*niaL ibii was i nr.on:; Ls LenL witli tha resL of: Lhe sentence until the driticai 

word had been ncccssod .uul the information inride avn:i.lnhle. But the lexical 

'and syntactic semantic disruption curves were virtually identical suggesting 

that they affected either a coinnibh process, that process being lexical access, 

or pL'ocesses operatinjL; at the same time. 

The fluent restorations of the original critical word in the syntactic 
_____ _ . ■ > 

• violation condition in Experiment 2 aJ.so supports the conclusion that- synt-actic 

information was involved in lexical access. The only way that the reader could 
Iiave restored the (uvij;uKiI. critical word was to have anticipated the part of 
speech from the preceding sentence context and then to have produced the 
syntactically apju'op r L..i to ending Cor the critical word. Another piece of 
evidence for semantic, involvement is the location of the semantic disruption 
in Experiment 3 re.lntive to th^-. precedLnj;^ experiments. In the paragraphs used 
in Experiment 3, semantic Information was not useful for lexical access and so- 
semantic constrnltits app;.n-ently were suspended, shifting the disruption to 
after tlui ^:^•iticai word uuh uttered. When semantic information was useful, 
as In Experiments i nnd 2, its violation was disruptive before the critical 
word was uCtered. fliis shift in when semantic information was used as a* func- 
tion of Its iieiliLv indicfites a flexibility of processing; at the lexical level, 
a property represented in interactive models. 

AnotliL'i- inst.MH'.e of processin^> flexibility v;as obtained when these experi- 
mer-.ts were repllcnted in I'o.i i.'h (Kurki ewi , Ku rcz , 6 Danks , in press). Inflec- 
tional in formnt ion varies in usefulness to Polish anc' En^nsii readers. In 
Polish vis-a-vis i:n-Ji?Mi, most syntactic inform/ition is 'carried in suffixc-^; 
and very liltle in word order. VlL>].:ition of synLactrc information by altering 
J'lflectioiis prod'.KU'd .7 larj;o.r disruptive effect e^urJ in l^oiish readers chan 
in tinglish reatlcM-s . ]\)li/h readers us.!3d inf 1 ocf i.^^;.: I ' • • -a r ton lo i\ greater 
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degrce in J.exlc-il .-icccss tiian did Slnj-l ish readers. 

Factual inCoriunC i.on was not; used in lexical access because its violauion 
vas disruptive onhy after the critical word was accessed and ottered and riot 
before or at the crxEtcal v^ord. Alth.vugh in principle it could have influenced 
•lexical access by suppLemeiiting syrj ;r.i,;ic and semantic contextaal information,' 
it did not. The fact that factual violations did not- influence lexical access. 
;across or sentence boundaries r-uggests that lexical access was clau3ally 

autonor.:uS.. these results are in contrast to those reported by Foss and Ross ' 
(this volume). They found that information from a preceding sentence facili- 
tated lexical, access as measured by a phoneme-monitoring task-. An explanation 
of the contrasting results of the two experiments probably lies in the quite 
different relations between the information in tHe preceding ientences and the 
target words and in tlic different experimental tasks. 

Senleij ce coni [Mrd2£asjU)n ; Syntactic, semantic, and factual information ' ' 
were involved in sentence comprehension: violations of all three produced 
disruptions for sevcMral wor<i units after the critical word was utter.?;:: How-; 
ever, the results do not differentiate between the clausal processing ^ind' word- 
by-word hypotheses because the location of the clause and sentence boundaries 
following the critical word were uncontrolled. In other experiments (Danks, 
Bohn, End, & Miller, 1980), have both controlled and manipulated the loca- 
tion of the clause boundary following the critical word. The results have 
been quite clear. Both semantic and factual violations produced small, but 
significant, disruptions between the critical word and the end of the clause, 
followed by a much larger peak of disruption immediately after the clause 
boundary. The disruptions resulting from semantic and factual violations, 
were the s:.me size. The only di fforence was that the semantic violation pro- . 
duced an alditiunat peak at the critical word and the factual violation did not. 
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TliGi^u tntirc rcc^Mif. rosMltis siii'»port the wo rd-by-wo ffl Hypo thesis of sentence 
coinprehciislon : V in 1 a t Inr. oiLhcM* sciiinnt.ic oi: f/icLu.ii in I'orinn tion produced a 
*disL*uptiaii v/hi.l.d the cl.iii.se was bc.i.uj^ rir .1. oach word was accessed, the 

reader ntcampted to LiiLc»f;rnte its meaning into v larj^er representation of the 
text. This represent.n t ioii ::paiined moire than just the immediate s-antence b<?"- 
cause thci factual v i o I n t Loii , wliich involved the preceding scintencei produced 
• a disruption as well. Since intej^ration whs not possible immediately,- the • 
reader hadto hold thn words in a memory buffer until the end of the clause. 
At that time, the increasing niiamovy load and pruccssinR demands required a final 
att 'tiTit at l.ni:ej'.ration . Tfio. end of a clause or sentence is a natural point for 
readers to resulvo any proin.cins they have had understanding a sentence. At 
the clause hound^iry, roaders attempted to resolve the inconsistency, but given 
the nature of our violations, they were usually unsuccessful. 

An interactive model of sentence comprehension provides the best account 
of these results. A.s words are accessed, each word*s meaning is integrated 
into a glohnl. representation of the? text to that point. The sentence cdmpre-- . 
fiension component is not aiit(>;iomous because the rJ-i>hal representation span5 
more tlian the iinniediaLe sentence. Finally, sentence comprehension is a flexible 
process adapting; to the difCiculty of the text and tlie availability of infor- 
mation. 

gi.ggoursic unde rstand in jr;. These experiments were not designed to evaluate 
discourse unciors taud inj;, oven though a story context was used and factual, 
intersentt-nt ial in l*o rma L i <^n was violabed. Most studies of discourse under- 
standing have ns(Hl im-ni')>-y tn-ks to assess v/hether the J.istt-.ner/reader has 
formed a coherent te:-:l base and a macrostructure representation (Kintsch, l974; 
Meyer, 1975), but inoin(»ry tasl<s Jo not provide iinich information abouL the pro- 
cess of story understanding;. Several more recent • s tudies have examined hou 



this conipoiioiiL opera Lcs iislnir; on-line measures^ such lis eye fixations and 
sentence reading times. Just and Carpenter (1980) mohitored eye fixations 
nnd were al)Ie to aLtrihntc suhstahtial amounts of gaze tinie to maciroprocess-^ 
ing, as vr'cll ns Lo lexi.caJ and sentential components. Cirilo and Foss (1980) 
and eirilo (1980) found that discourse understanding, as measured by reading 
times, varied In predictable ways based on Kintsch and van Dijk's (1978) 
processing model:. Reading times increased for sentences where the referential 
antecedent of nouns occr red much earlier in the story, thus increasing the . ! 
(ILfftculty of establish i \ig referential coherence. Reading times also increased 
v.'hert tlie sentence was High :in the macrostructure, a main idea of the story. 
iN^ien the leader *s t.-^.-^ was altered, readers were flexible in adapting their 
processing strn tegle.^ it the discourse understanding level to meet the task 
demands. These ro.'^*?;! ts support an interactive model of discourse understand- 
ing. Macrost I'uc tur(^ and referential coherence influenced gaze durations for 
indivLdaal words and reading times for. individual sentences. Processing ; 
strategies shifted fJoxibl.y \:i.th changes in the demands on the discourse pro-, 
cessing component, 

Tn summary, the results oF the experiments reported here and other studies 
su"^rort interact ive- type models for all three major components of language 
processing — lexical access, sentence comprehension, and discourse understand- 
ing. Although we jiave considered tiie proces.sing components separately for 
purposes of exposition, a eomprehens tve model will inciud<2 ail three compo- 
neL:ts. We attempted to narrow the range of possible interactive models., but 
excessive explanatoi'y power remains as their most salient fault. 
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Appendix 

The critical word siagments for the three experiments are 
listed in the order in which they appeared in the ^tory. The 
critical word is italicized. The manipulations introduced to 
produce the^ violations are indicated in parentheses: the factual: 
change is in the sentence preceding the critical word (Experi- 
ments 1 and 2) and the lexical (Experiment 3)/ syhtacti 
tic- (Experiments 1 and 3), syntactic (Experiment 2) , and semantic^ 
(Experiments 1^ 2, and 3) follow the critical word. The slashes ' 
separate word units used in scoriTig the protocols. • 
Experiment 1 , * . * 

1. Everyone in the Scott family "was irt high spirits because 
on Saturday they planned to fly to Mexico for a vacation ( ;„ . was.- 
depressed that morning because on Saturday they had to attend • : ; 
Mary Jane ' s grandmother • s funeral ) . / No one / in the entire / Scott/ 
family / was more / excited (pumpkin, smoked) / than / Mary Jane> / an- 
intelligent / and pretty / girl. / . \' ' ' :''-\\'r:::z::' ' ■ ^ ' r 

2. Her daughter had always been weak (s,trohg)^^^^p^^ 
Because / of this, / she even / imagined / her daughter / being / 
trcimpled (iceberg, planted) / by other children / while / trying / 
to get / out of the wreQ,kc2d bus . / : 

3. Sam Scott heard on the' radio that morning ( . ... went to 
work arid did not know) that there :had been .a bus-train collision- 
in / Lawrenceville. / Although / he was / relieved; / that the / a ccident 
(subtract, delusion) / had riot / occurred / in ;his / community / he 
felt/.... ■ ■ 

4. There was enough time for the school bus to slow down^ . 



and yet it did not (The bus stopped at the stop sigri and waited -:.:, 
uritii the entire train had safely passed)* A loud sound like . a 
powerful explosion / could be / heard / as the / tr'ain'/ and bus / ' ' ' ' 
co ll ided (family, mailed) . /.The train / hit / the bus / at the/ 
midpoint. / ' ' 

5. One boy had his left leg severed below the knee (One boy 
who was not injured was screaming hysterically )• She / applied / a 
large / tourniquet / to stop /,his / bleeding (freeze, writing) / leg. / 
Within minutes^, / several ambulances / were on the / scene. / ** 

6. They were uncons-cious and few had (They were fully con- 
scious and had) either / wallets / or purses. / Immediate / identifi- 
cation /was / impossib l e (phonograph, athletic) . /Grabbing / a .felt- 
tipped / pen, / Dr"; Carr / inscribed / . ' • 

7. Mary Janet's name was first on a list of survivors (de- 
ceased) . / She was / at that / moment / being / prepared / for / surgery^ 
(summarize, trailer) . / From time / to time / a doctor / would enter 
the cafeteria/.... . . ' . ' ■ 

8. • The doctor told the Scotts that the leg may have: to be ; 
amputated ( . . . that their daughter 's leg may be saved) as -soon 

as a specialist could be found-/ to perform / the surgery ; / Vera / - : 
and Sam / were / saddened (-rapidly^ polished) /.by this / possibility . / 
Vera / collapsed '/ but Sam/.... . 

9. Once her vital signs stabilized^ she was moved (In spite 
of the doctors ' efforts, her vitar signs did not stabilize which V 
meant that she could not be moved) / from her / hospital / room. / 
Mary /was / carriea (piano, printed) / in her /bed "/from the / intend ;l; 
sive / care / . . . . 



10. She was not aware of anything (She was aware of every- 
thing) that happened to her / after / the collision / of the bus / 
,and the train. / She was / unconscious (baseball .classical j* /'ffdm' 
a / blow / to the / back / of her / . • . . 

; 11. Mr. Scott was shakened^ but calm ( .•• and dazed) after > 
all / that had / happened / that day. / He had / clearly / comprehended 
(umbrella/ transported) / all / that the / doctorS'/_had said* / The . ♦ 
Scotts / . . . . 

:i 12. On occasion^ parts of her body would jerk uncbntrollabiy 
U'ler whole body was motionless) as she / lay / in the / bed*' / Her 
arm / and leg / shook (money, spoke) / violently • / Her* eyes / were 
closed / as though / she were / • . . . " • 

13* The next day her temperature shot up over six degrees 
and perspiration and dehydration accompanied her high fever . ( ^ . . 
returned to normal and the perspiration and dehydration accompany-* 
ing her high' fever were gone)'. As the hours / passed, / the nurses./ 
continued / to change / her / sweat-soakexi »( acc3omn)odate, scuba- ; . 
diving) / hospital / gowns . /For forty--eight / hpurs / her life/.... 

14. Mary Jane be'bame unusually more alert when she saw 
(Mary Jane rejected) / the special / drawing / board. / lininediately / 
she started / copying (divine, singing) / a picture / much / in the/ 
style / of a / . . . i 

15/ She was allowed to have more visitors other than (Al- • 
though Mary Jane was how feeling better she was only allowed to 
have visitors from) her immediate family . / Dozens / of her / class- 
mates / came / to her / bedside (punish, teeth) / in the evenings. / 
To the / SCO tts , / who had/..*. 



.16. Ever since Mary Jane had been conscious and alert, she 
had been without exerci^se of any kind { . . . , she was careful to 

^ exercise her muscles everyday) while in . the hospital. / As a / 
result, / her muscles / started / to / waste (fork, rejoice) / away. / 

.Now / with the / help / of three / • . . . ^ 
Ex pe r i me n±^^- 

3:. Everyone in the Scott family was in high spirits that . ' 
.ndrning because on Sa turday- they planned to fly to Mexico* for k 
vacation (Everyone in the entire Scott family ;was depressed that ' 
morning because on Saturday they had to attend Mary Jane's grand- 
mother's f:u!ip^rnl) . No one / in the entire / Scott / family / was 
more / exc i t ed (smoked, excitement) / than / Mary Jane., / an intelli- 
gent / and pretty / girl. / ' • . 

2. Her daughter had always been weak (strong) physically. 
Because of this / she even / imagined / her daughter / being / injured 
(injury, planted) / by o ther / children / while / trying / to get out / 
-3. Sam Scott heard on the radio .that morning that there had 
been a bus-train collision in Lawrenceville (S£im Scott was not 
av^are that there had been a terrible bus-train accident in 
Lawrenceyille that morning) / Although / he; was / relieved / that ■ 
the / collision (collided, delusion) / had no t / occurred / in his / 
community, / he feit / .... ' 

4. There was enough time for the school bus to slow down 
and yet it did no t. stop ■ (The bus driver saw the. train just in 
time and miraculously stopped the bus) before /it reached / the' 
tracks. /, The bus / and train / crashed (crashing,: mailed) / and a 
loud / sound / like a / powerful / explosion /■/. . , , . ' 



5, One boy had his left leg fractured below the knee { ... 
was completely uhihjufed) . She applied / a large / splint /.to fix / 
his / broken (break/ written) / leg.. / Within hiinutes^ !/ several'/'" * * 
ambulances / were on/.... 

. 6; Most of them were unconscious (conscious) and coiiid hot ;. 

give (had given) their names to the / physician. / Immediate/identi- 
fication /was not / passible (possibly, athletic) ./ Grabbing / a, 

^ .".*•' 

■ fel.t-t±pped / pen, / Dr. Carr / inscribed / . 

?• Mary Jane*s name wa^ first on a list^of survivors (de- * * 
ceased). She was at that / moment / being prepared / for / surgery 
(surgically, trai:ler) • /From time / t9 time, /a doctor /would 
enter / the cafeteria/....- ' . . 

8. The doctor toid the Scotts that the leg may, have to be ^ 
amputated (would be saved) as soon as a, specialist could be 
found to perform /the surgery. / Vera / and Sam / were / depressed^ ♦ 
(depression, polished) / by this possibility . / Vera /^ 

but Sam / .... \ : 

9. Unfortunately (Fortunately), her vital signs did not; *; 
(had) stabilized so it was impossible, (possible) for the doctors : 
and nurses / to move / her. / Mary Jane / was / oaxxi ed (carrier , 
,printed) / from the / intensive / care unit, / down- the /.corridor. / "' • 

lb. After the collision of the bus and the train, she was v ' 
hot aware of anything ( . . . , she was clearly aware of everything) / " 
that had / happened / to her . / She was / unconsci-otts (unconscious- * 
ness, classical) / from a / blow / to the / back / of her / . . . ; 

±1. Mr. Scott was shakened but calm. after all that had 
happened that day (... was so shakened and confused that he did 



hot understand any 5f the medical explanatiSni cphcerning his 
daughter ' s condition) ; Ml that the doctori / had told / him, /. 
•he had /clearly / comprehended (comprehension, transported)". / 

The Gcotts/ were /overwhelmed /with grief. /They realized/ 

12 On occasion parts of her body would Derk uncontrollably , 
(Her whole body was completely paralyzed) as she / lay / in the 
bed. /Her arm / and leg / shook (shaky, spoke) / violently ./ Her 
eyes / were closed / as though / she were / . . . » ^ , 

13. The doctor then informed Mary Jane's parents that the 
leg would have to be removed ( ... that With more surgery, the 
leg would be able to be saved) / completely. / After / Mary Jane ' s / 
leg was / amputated (amputation, amplified) , / she wa? / taken back / 
to her / room / in isolation/.... ' , . 

14. Mary Jane became unusually more alert when she/ saw . _ 
(Mary Jane rejected) the special / drawing / b6ard. / Immediately, / • 
she started / copying (copier, singing) / a picture / muchV in the/.. 

style /of a/;.;; 

15. She was allowed to have more visitors other than her ' 
'immediate family (However, she still refused to have any yisitbrs.'; 

While she was bedridden) . Dozens / of. her / classmates / came / to_ 
her /.bedside (bedridden , teeth) / in the / evenings ../ To the Sco tts / • 

who had seen / her /;.. . 

16. Ever since Mary Jane had been conscious and alert , she ; 
had been without .exe.rcise of any kind ( she was careful "to ' V., 
exercise her muscles everyday) while in the / hospital. / As a ; /, 
result, / her muscles / started to / waste (wasteful , re joice^)/ iway.. /; 
Now / with the / help / of three / . . . . ' • .: 



down / the dark / aisles / and sat / brl the / nibs s' ^ '^^ '^^ 
Jglurck, school, killed) / beneath / the great / tr^e^; / and again / 
his mind / .... ^ ■■ . • ■ ■.•;'-:..v.:';.-f. 

2. • • • / nostrils. / At first / the men swore.. / They / strrick 
(brugen, flew, briiiiant) / and prodded / the ' camels : / Then / they ^^^^/^^ 
:tod/.'.... V- -J ^. 

.; 3. .../the grinding, / the screaming. / He / wriggied / i 
the /dry (kaysen, briiiiant, iron) / straw / stuff ing/ his mouth^^/^^^^ 
with it / to ' keep / ... : . ' ^ ^ ; 

4. ... / crocodiles / v/ere / shot / at, / the storks / flew 
(glurck, killed> streets) / into the air /^in mass / panic i / fhe- 
beat of / their wings/.... .. 

5. .../to his knee / and removing / the binding / spread the / 
cool (brugen, sharp, flew) / paste / thickly / on the / swollen / 
flesh. / . : ' 

■ 6 . . . . / town / and / entered it / and' walked / through its / . 
streets (kaysen, iron, sharp) ./ Faces / looked at / him / but he / ' 
did not /...'. 

7. . . . / struck / something / hard / and he / felt a / sharp 
(glurck, cool, streets )/ pain ./ When he / iboked up / the train/ . 
was / . . . . • " • ; 

8. . . . / among / the dead. / Some of the / dead / had been / 
^^^^^^ (kaysen, ran, school) / by the f ire / and- lay / faceless / 
in the / . . . . 

9. . . .• / ships of / hard / fact, / of /hard / iron (brugen, moss, 
cool), / of eoai, / machinery, / cargo / and / tonnage. / • ' 



, : :1 • • . / behind^ / a black / headland / notched /'t^ 

(:glurck, dry, moss) / sky. / Far ahead, / barely / visible / in the / . . . 

11. . . . / from seven / to two / each / day / in the / school 
(brugen, streets, ran)., / itself. / Later / they / went around / the 

±OVJn / \ . . . ■ . •• . . ^ 

12. . . . / came, / in wild / summer / thunderstorms . / The ra-ih / 
ran (kaysen, struck, .dry) / down / his clothing, / plastering,^ / the' 
dust / in streaks/..... 
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Abstract 

Are meanings of sentences in stories constructed word by word 
or only at the end of a clause? Factual iricohsistencies between 
sentences disrupted oral reading both at the ihebhsisteht word and 
at the following clause boundary i Readers evidently attempted to 
integrate each word into a eompfehehsive representation of the 
story as soon as it was accessed. 
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iflhat are the processes readers use to construct /a repre 
tibh of the texts tney are reading? Three ma j 
invoived (DankSy Bohh^ & Fears, iii press; Jiist 
These components are not discrete, autonomous^ or seriaXly ordered r 
but operate interactively. In lexical acce ss , readers lo ca t e 
words in the mental dictionary and select appropriate is^ 
The information that readers use may be bottbm-rup perceptual infor- 
mation or top-down conceptual information. In the brai reading task 
used in the experiments reported here, readers gained access to the 
articulatory information needed to utter the printed word as a 
result of lexical access, in sentence comprehension , readers ihte- 
grate the word meanings into a composite representation of the sen- 
tence using syntactic structure as a guide. There are two major 
hypotheses about how readers do this. Under a clausal processing 
hypothesis, word meanings are stored in a working memory buffer 
until the end of the clause. Then the meaning of the clause is 
computed, after which it is integrated with the representations of 
preceding sehtehces and with prior knowledge. Mternatively, a 
w6rd-by-word integration hypothesis proposes that readers attempt 
to integrate each word's meaning as it is accessed. if inSnediate 
integration fails > then the word's meaning is held in a buffer tmtil 
integration is possible^ usually at the end of the clause ^ in t^xt 
uiide r s t ahdihg , readers organize the text of stof^ into a coherent 
text base of micfostf uctuf e^ Readers also develop a schemat 
fepf esentation of the main ideas of gist of the story, corres^^ 
to tiie itiacfostfuctufe (Kihtsch & yah Dijk> 1978) ^ 

These components use differentially vafioast^ 
tion to accomplish their tasks (DaiJcs & Hill, in press) . In 




principle, all types of information are continuously available^ but 
certain types of information are more useful than others for each 
cdmpdhent. What types of information are used by each component 
and when is each type of infojciriation used? bur rationale was to 
violate one or more types of information in the text. An oral readr 
ing task provided a continuous on-line indication of the status of 
tiie reading process. The point when the reading process was dis- 
rupted was reflected in the oral output. 

The experiments used a 20bb-word story about a high school girl 
who was injured in a school bus accident. We selected 2^ critical 
words for manipulation, ft portion of the text around one of the 
critical words is shown in Figure 1. In this example, the mother 
of the girl has just heard about the accident. The critical word is 
injured . The end of the clause (and the sentence) containing the 
critical word was four words after the critical word in all cases. 

Three single violation types were introduced into the text, 
(a) A misspelled violation was created by misspelling the critical 
word such that it would be pronounced the same or very similarly to 
the critical word. The maximunt possible misspelling that could still 
be pronounced correctly was used. In the example, injured was mis- 
spelled ihjerd . If readers "sounded out" the misspelled word, they 
could locate the intended word in their mental dictibnaries. ft 
spelling violation would disrupt primarily the lexical access com- 
ponent, (b) Semantic information was violated by replacing the 
critical word with a semantically anomalous word. In the example, 
p l ante d was inserted for injured . Readers could devise ah interpre- 
tation, but it would require considerable extra processing. The 
semantic violation would disrupt both lexical access and sentence 





icallv, Because of this, she even 
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half sobbing into the phone, she managed to tell her neighbor,., 



Figure 1, An'eaiplj of a portion of teirt. and lanipuIatloiB, 
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comprehehsion components. (c) In the third type of violation, 
factual , neither the critical word nor the sentence containing it 
was changed in any way. The sentence preceding the critical sen- 
tence was changed so as to produce a factual inconsistency with the 
critical word. In the example, weak was changed to s trong . The 
factuai violation would disrupt the sentence comprehension and text 
understanding components more than it would lexical access i 

Two additional violation types were produced by coirtoihing the 
misspelling with the semantic and factual violations. (d) in the 
misspelled + semantic violation, the semanticaiiy anomalous word was 
misspelled, e.g. , planted was misspelled piantid. (e) in the mis- 
spelled -¥ factual violation, the critical word was misspelled, e.g., 
injeird , and the preceding sentence was changed to produce the incon- 
sistency, e.g., strong replaced w e a k . The multiple violations were 
intended to test far interactions among information. types in the 
lexical access and sentence comprehension components i (f) A control 
condition in which there was no change in the critical word or the 
preceding sentence served as a baseline estimate of "spontaneously" 
produced oral reading errors. The story was constructed in six ver- 
sions such that each violation type bcctiffed four times in each ver- 
sion and equally often at each critical word across versions. 

Sixty college undergraduates at Kent State University who were 
native English speakers but who were unscreenesd for reading ability 
read the story aibud. They were instructed to understand what they 
were reading and were given a cued recall test after reading the 
story. The reading aibud prbtocbls were scored for major disruptions, 
i.e., substitutions, bmissibhs, reversals^ repetitions, regressions, 
insertion of extraneous words, pauses, stutterings, and stammerings. 

ERIC 



iaajdr disruptions were tallied for three words before the critical 
word arid for eight words after (see Figure 1) and the frequencies 
were' converted to probabilities • Because we were interested in dis^ 
ruptiohs of normal reading^ the baseline probability of a major dis- 
ruption at each word-unit positibri was subtracted from each of the 
five experimental conditions. The differences in mean probability 
of a major disruption are presented iri Figure 2. 

The misspelling viblatibri produced a significant disriaption 
that began one word before the critical word was uttered {word unit 
-1) , peaked at the critical word, and continued through two words 
after the critical word (word unit -!-2) . The semantic violation also 
was significantly different from the control beginning one word be- 
fore the critical word (word unit -1), but continued through five 
words after the critical word (word unit +5) . There were two peaks 
of disruption from the semantic violation — at the critical word and 
just after the clause boundary at word unit Since Qiere was a 

disruption before the critical word was uttered in both conditions^ 
both misspelling and semantic violations disrupted lexical access. 
The semantic violation produced a significantly greater disruption 
before the critical word was uttered than did the misspelling, indi- 
cating a top-down effect of semantic information on lexical access* 
This contextual effect did not extend across sentence boundaries, 
however, since the factual violation did hot produce a disruption at 
or before the critical word. 

Both semantic and factual violations produced a disruption peak 
immediately after the clause boundary (word unit +5J . Furthermore, 
there was a significant disruption from the semantic and factual 
violations between the critical xwrd and the clause boundary (word 
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Figure 2. Mean prdbability of a in&3br disruption. 
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units +1 through 4-4 for semantic and word tinits +1 through +3 for 
factual). This result supports the V7ord-by-word integration hypo- 
thesis. Readers attempted to integrate the semahtically anomalous 
word into a sentential meaning representation, but were tihsuccessfulw 
Then the reader attempted another resolution at the clause boundary 
producing the peak of disruption at word lanit +5o The factual viola- 
tion also disrupted sentence comprehahsion, but not lexical access. 
The disruption from the factual violation after the critical word 
and immediately after the clause boiandary was the same size as the 
one from the semantic violation. Readers had difficulty integrating 
tne critical word with the representation of the preceding sentence* 
This result with the factual violation is critical for two reasons. 
Firstly, the semantic disruption between the critical word and the 
clause boundary might be explained by perseveration of the lexical 
access disruption. Since the factual violation did not disrupt 
lexical access^ a perseveration explanation is impossible for the 
factual disruption, and hence, is iraplausible for the semantic dis- 
ruption. Secondly/ in order for the factual violation to disrupt 
sentence comprehension before the clause boundary, readers had to be 
using information from the preceding sentence. Thus, sentence com- 
prehension is neither clausally nor sententially autonomous. 

The lower panel of Figure 2 shows the disruption curves for the 
two mtaltiple violation types — misspelled + semantic and misspelled + 
facttaal. When misspelling and semantic violations were combined, 
there was a significant disruption beginning one word unit before 
the critical word (word unit -1) and continuing through the third 
word after the critical word (word unit +3) . When misspelling and 
factual violations were combined, there was a significant disruption 
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boginnihg two word units before the critical word (word unit -2) 
that continued through two words after the critical word (word unit 
+2). In both conditions, there was a small peak of disruption 
inunediataly after the clause boundary (word unit +5) . The peak at 
the critical word was equivalent to the sum of the two peaks when 
spelling and semantic information types were violated separately i 
This result indicates that spelling and samahtic information oper- 
ated independently in lexical access. The lexical access disruption 
peak was also additive for misspelled + factual in that it was 
equivalent to the misspelled alone peak (the factual alone produced 
ef fectedly no disruption at the critical word) • 

The peak at the clause boundary in both cases was attenuated to 
about naif the peak when semantic or factual information alone was 
violated, in sentence comprehension, there was ah interaction of 
spelling v/ith semantic and factual information. Our somewhat specu- 
lative interpretation of this result is that when there were two 
violations the reader gave up more easily attempting to resolve the 
multiple violations o This explanation involves metacognitive pro- 
cesses since it refers to how readers monitored their comprehension 
processes rather than to direct changes in the processes themselves. 

After reading the story, readers were asked to recall the text 
surrounding the critical x>?ord, i.e,^ the sentence before the critical 
word, the sentence containing the critical word, and the sentence 
after the critical word. Readers were given a copy of the story 
with these tiiree sentences blanked out at each critical word. The 
rest of the text provided cues as to what was missing. The recall 
protocols were scored in terms of the proportion of propositions 
recalled in each sentence. Both strict and lenient criteria of 
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whather a proposition was recalled were used. With the strict cri- 
terion all arguments had to be recalled; with the lenient only one 
argument had to be recalled along with the relation. The recall 
results are presented in Figure 3 as a function of whether there was 
a violation at the critical word (experimental) or not (control) . 

There was no difference in recall of the before sentence in the 
experimental and control conditions. However^ the before sentence 
was manipulated only in the factual violation . The sentence before 
a factual violation was recalled better than one before a control 
condition with the strict criterion (but not with the lenient) . This 
result suggests that readers mentally reviewed the before sentence 
when ehcounterihg a factual violation since the before sentence led 
to the inconsistency. This review resulted in better recall. The 
critical sentence was recalled less well when there was a violation 
present than when there was none. This depressed recall was in 
spite of the greater processing that the critical sentence received 
when a violation was present. Also^ having a violation might have 
made the critical sentence stand out, a von Restorff effect, but 
this did not improve memory. Perhaps the depressed recall indicates 
that the critical sentence was less well integrated with the rest of 
the story when a violation was present and thus was less well re- 
called. The sentence after tlie critical sentence also was recalled 
less well when tiiere was a violation in the eritieai sentence. The 
sentence after the critical sentence was never matnipulated, so per- 
haps there was a continuing effort to resolve the violations in the 
critical sentence. If so, then the after sentence was processed at 
a reduced level. However > the after sentence was recalled less well 
after a misspelling violation as well as after the other types of 
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vibiatibns. If tha misspelling was resolved when the critical wbrd 
was uttered I then it should not have had an effect on the processing 
of the after seritancei 

Having established these results by controlling the location of 
the clause boundary following the critical word, we attempted a more 
subtle test by manipulating the location of the clause boundary. 
The portions of the critical sentence after the critical word were 
rewritten so that tne clause bomidary occurred either imnediately 
after Sie critical word, two words after, three words after, or six 
words after. There were six different critical words for each 
clause boundary ibcatibh, yielding 24 critical words in the story. 
The same six violations were implemented as in the experiment just 
reported, witit appropriate counterbalancing so that each violation 
type occurred equally often with each clause boundary location. 

The details of these results are too complicated to discuss in 
this paper; however, the basic pattern of results was replicated at 
each clause boundary location. Disruptions were obtained at the 
critical word with misspelling and semantic violations and disrup- 
tions immediately following the clause boundary with semantic and 
factual violations. The variability was much greater in this experi- 
ment than in the first. In the first experiment, the effects were 
replicated over 24 critical wbrrls whereas in this experiment they 
were replicated over only 6 critical words, so differences among the 
specific words emerged. In general, the basic pattern of disruptions 
V7as obtained and shifted in synchrony with the location of the clause 
boundary. The recall results also replicated those from the first 
experiments 

In cbhciusioh, tiie lexical access component uses both spelling 

ERIC 



and semantic information, but: not intersentence factual information, 
to locate the word in the mental dictionary. Semantic information 
was relatively more important taan spelling information as evidenced 
by the larger effect of the spelling violation before the critical 
word was uttered. V7ith regard to sentence comprehension, the word- 
by-word integration hypothesis received support in contrast to the 
clausal processing hypothesis. Both semantic and factual violations 
produced disruptions before the clause boundary was reached, i.e., 
in the region between uttering the critical word and the end of the 
clause. There was a major attempt to resolve the violation at the 
clause boundary, as evidenced by substantial peaks there. The 
clause boundary is a natural stopping point to attempt such a reso- 
lution. If the reader continues to hold words in a limited capacity 
memory buffer beyond the clause boundary, the comprehension process 
might break down completely. With multiple violations, the informa- 
tion types did not interact in lexical access, but did in sentence 
comprehension. A misspelling simply added to the semantic and fac- 
tual disruptions at tlie critical word, but attenuated the semantic 
and factual disruptions at the clause boundary. 

in terms of recall, extra processing had a positive effect on 
the recall of the sentence before the critical word when there was a 
factual viola tioni In contrast, extra process jLng of the critical sen 
tence itself was hot sufficient to offset the reduction in recalla- 
bility resulting from the difficulties of integrating the critical 
sentence with the rest of the storyi The failure to resolve the 
violations carried past the clause boundary as indicated by the de- 
pressed recall of the sentence after the critical sentence when a 
violation was present. 
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Much of the recent research bh metaphor has been directed at discovering 
how metaphors are understood. Generally^ theorists, describe metaphors in terms 
of three elements; the topic or tenor, the vehicle, and the ground. The topic 
is the subject of the metaphor and the viehicle is the term that is used meta- 
phorically. The ground is the relationship between the topic and vehicle from 
which the metaphoiicai meaning is derived. For example, in the metaphor Soffl^ 
roads are snaJces, the topic is roads , the vehicle is snakes , and the ground is 
a conceptual relation like long, curvy and dangerous, 

A central problem for metaphor comprehension is the nature of the grounds 
Two general classes of theories have been formulated: comparison and interaction 
theorieis. There are many variations of each tyy^ of theory, but some general 
similarities can be drawn. The comparison theory originated with Aristotle. 
He proposed that one woird in a metaphor is replaced with another word that 
means the same thing. For example, in John is a fox , the word fox has replaced 
the word sly . The metaphor is understood when one compares a fox to John and 
discovers the common feature or attribute, which in this case is slyness. The 
underlying assumption is that the topic and vehicle share a number of features. 
In order to understand the metaphor the coimnon features (ground) must be ... 
discovered by comparing the topic and vehicle (Billows, 1977; Ortony, 1979). 

According to the interaction theory, the topic and vehicle interact to 
create the ground. There is no comparison of the topic and vehicle to find 
common features^ ; rather , the elements interact to create the metaphorical 
ground. The resulting ground is a unique combination of the characteristics 
of the topic and vehicle, thus metaphor as embodied in the ground enables one 
to "see" the topic in a new or different way. As Black (1936) said of the 
difference between the comparison and inteisction theories, "Looking at a 
scene ttoough blue spectacles is different from c-om paring that scene with 



something eise" (p. 31. emphasis in original); 

The distinction betwefen the comparison and -interaction theories is not 
clear-cut. Both are based on the notion tfe,t metaphoriisal meaning is derived 
from the relationship between the topic and vehicle. According to either 
theory, the ground can bi Sonceptualized as ranging from a very specific entity, 
restricted to a single topic-vehicle combination to a more general, abstract 
entity. 

Efforts to determine the nature of the ground have continued, but it is 
still not clear whether a ground is so specific that it is restricted to a 
single metaphor or whether a ground can be shared by a number of metaphors. 
We tested how metaphor-specific grounds are using a sentence; priming task. 
Our rationale was that if several metaphors are based on a common ^ourd then: 
comprehension of one metaphor should prime another thereby facilitating, 
comprehensicn. When -the first metaphor is encountered, the icomprehender must 
construct the relaitionship between the topic and vehicle in order to understand 
the metaphor. Gnce the ground has been constructed it is not necessary to 
construct it again, so the comprehension of subsequent metaphors based on the 
same ground should be facilitated. ^ ^ 

Our first task was to construct a number of metaphors that 'seemed to share 
a common ground, at least to our intuitions. Ten groups of ttoee to five 
metaphors were generated, totalling metaphors. All metaphors were of the 
form Some X are Y and each group was based on a different ground. For 
example, one group ccjnsisted of the metaphors Some roads are snakes, §«»e rivers 
are ribbons . Some subways am worms , and Some scarves are whips. 

In order to verify that the metaphors in each group actually had the 
same or similar meanings, we asked 30 subjects to sort the metaphors into ten 
groups. Each metaphor was typed on a file card. A standard from each group, 
was placed on a table and subjects were instructed to place the remaining 32 



iitetaphors under the standard that 1^ the So iiieaningi Three fjroupr: 

of i0:sul)5ects were ;^esented with three different sets of 16 sta nda rds. 

The 2S3Sults of the sorting task are presented in Tahle ii The pro-, 
portion of times each metaphor was sorted in its Jiredetermined group is 
displayed in the first column. The three metaphors in each group which were 
clustered together most frequently were analyzed further. The proportion of 
times these thrise metaphors were clustered together is prisserited in the second 
column. The proTDahility of clustisring two metaphors in a spiscific group "by 
chance was ,16 and the prohahility of clustering three metaphors together "by 
chance was , 01 , 

As indicated in the tahle, clustering far exceeded the levels expected 
hy chance. The proportion of times metaphors were clustered with a standard 
from the same group ranged from ,55 to 1,60 with a mean of ,78, Proportions 
for clustering all three metaphors together ranged from ,^0 to ,96 with a 
mean of ,6?, Since suh^ects' clusterings weris so consistent, with' our in- 
tuitive groupings, we concluded that our initial groups contained metaphors 
with the same or similar meanings. 

For the priming task we used the three metaphors tfet were clustered 
together most freq^uently in eight of the ten groups. The two groups in 
which all three metaphors were clustered together less than an average of 
,63 were discarded. The eight triads of related metaphors then were embedded 
in a list of filler items. The fillers consisted of 24 filler metaphors and 

literal sentences, ail of the form Some X are Y, The filler metaphors were 
metaphorical statements that were unrelated to one another and to the triads 
of related metaphors. The literal fillers were literally true statements 
that were 'unrelated to one another and to the triads of related metaphors. 
The typicality of the literal fillers varied, with some of the sentences 
"being fairly typical (e,g, , Some dogs are setters ) and others less typical 



Table 1 



Proportion of Times Metaphors Were Clustered in Their Piredeteriiiinea Groups 
Metaphor 



eiusteired in pre- Ail three clustered 
deteirmined' group ; to^t 



*Some roads are snakes 
*Some subways are worms 
*Sbme rivers are ribbons 
Some scarves are whips 

*Some clouds axe cotton 

*Some pillows are marshmellows 

*So."ie skies are silk 

*Some jobs are jails 

*Some marriages are prisons 
*Some drugs are handcSf s 
Some hearts are closets 

*Some rumors are diseases 
*Sbme criminals are germs 
*Sbme lies are cancers 

Some prejudices are blindfolds 

Some lives are ghettos 

■'♦'Some stores are jungles 
*Some buildings are mazes 
*Some schools are zoos 
Some homes are dungeons 

*Some encyclopedias are goldmines 
*Sbme words are jewels 
*Some books are treasures 

Some friends are gems 

Some ideas are diamonds 

*Some stomachs are barrels 
^Some mouths are canybiis 
^Some cheeks are ballbbns 
Some legs are tree trunks 

*Some desks are junkyards 
*Sbme rooms are pigpens 
*Some closets are warehouses 
Some minds are swamps 

*Sbme fogs are coats 
•"■Sbme frbsts are Cloaks 
^Sbme mists are veils 
Some snowfalls are blankets 



.86 

.85 
.60 
.20 

.80 
.90 
.70 

.75 
.90 

.65 
.17 

.86 
.80 
. .70 
.23 
.13 

.60 

.55 
.60 
.10 

.90 

.95 
1.66 

.77 
.90 

.70 
.65 
.55 
.53 

.95 
.80 

.75 
.16 

;80 • 

.85 
.67 



.63 



.73 



.63 



.63 



,.40 



.90 



.50 



.70 



.80 
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Table 1 (continued) 



C3aistered in pre- All three clustered 

Metaphor determined^ jspr-oup 4^gether 

*Sbme remarks are daggers .85 ' 

*Sbme jokes are spears .90 ^qq 

*Some tongues are knives .90 

Some stares are slaps .83" 

Some smiles are razors .83 



indicates the metaphors used as standards for their groups 
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(Some vehicles ^ airplanes) . No content woSds were repeated in any of the test 
sentences. In addition to the filler senten5is, i8 practice sentences were 
generated, half of which were metaphors and half which Were liteiai statements. 

The ^esentation order of sentencei v^s constructed as follows. Eractice 
sentences were randomized and presented first. The filler items were randomly 
ordered and the triads of related metaphors were Inserted Randomly in the list 
6f fillers. Each triad of related metaphors was presented as a block of three 
successive sentences. The only restriction on the placement of the related 
metaphor triads was that there be at least five fillers surrounding each triad. 
The number of fillers between triads ranged from five to twelve. Within this 
master list, six different versions were created by systematically rotating 
the related metaphors within each triad. So. if the three metaphors .within each 
triad were ordered 1-2-3 in version 1. they were ordered 3-1-2 in version 2, 
2-3-1 in version 3. 3-2-1 in version if. 2-1-3 in version 5. and 1-3-2 in version 
6. Each triad >^s presented in the sa^e' location in the list, only the order 
within the triad was varied. 

Sixty undergraduate subjects (l8 males, females) were tested in- 
dividually. Ten subjects were shown each of the six versions of the ±m 
sentence list. All of the sentences were typed in capital letters and re- 
produced in the center of a slide. The slides were i^esented via a^rear- 
^ooection window in an I.A.G; chamber. Subjects were asked to indicate how 
easy or difficult it was for them to understand the sentences by pressing one 
of three response keys: the "D" key if the sentence was difficult to undeiit^d, 
the "E" key if it was easy to understand, and the "M" key if . it was neither 
easy nor difficult, but somewhere in between (moderate). The position of the 
"E" and "D" keys was counterbalanced. The subjects were given a short rest 

halfway through the list. 

m the final phase of the experiment, subjects were given a cued recall 
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ti^. They were presented with a ia^doSized list of the 96 test items. Each 
sentence was typed with a blank space where the topic had been and subje_cts- 
were a^ed to fill in the missing topic. For example, for the raeiaphor Some • 

roads are s nakes , subjects were presented with Some , — - - - ^ snafces, and 

were to provide the^ topic - roads; ; 

The dependent measures were response latency , difficulty ratings , and 
correct recall probability. Response latency (in hundreths of a second) was 
measured from the onset of each slide until the response was made. Difficulty 
ratings were receded from the response as ©=1 , 1^2, and D^3. Recall was scored 
as the proportion correctly recalled (exact criterion) in each condition. The 
data were analyzed in two ANOVAs, using a quasi to test for significance 
across both subjects and item (Glark, 1973). The alpha level was set at £=.05 
for all effects. Newman-Kuels were used'for all individual comparisons. The 
first ANOVA compared the three different sentence types - literal filler, 
•metaphor filler, and related metaphors. The second ANOVA tested for the effect 
of position (first, second, or third) within a triad using only the data from 
related metaphors. In order to have complete data on each metaphor at each 
position Within the triad, subjects were matched across versions on the basis 
of their mean response latency to the literal fillers. These iatched subjects 
Were treated as a single subject in the ANOVA. 

As indicated in Table 2, the filler sentences were responded to more 
rapidly, F ' (2,lit2)=38.l6 , MSe=17.8l, were subjectively easier to understand, 
F'(2,l^)=33.96, MSe=5.08, and were better recalled, F' (2,101 )=32. 79, MSe=1.65, 
than either the related or filler metaphors. There were no sigSificant 
differences between .the filler and related metaphors in speed or difficulty 
of compieheiision. However, the filler metaphor topics were recalled more 
often than were the topics Of related metaphors. 

These findings were expected given the nature of the sentences. The 



Table 2 



Mean Response Latencies, Difficulty Ratings, and Strict Recali_Scores f or 
Literal Fillers, Filler Metaphors, and Related Metaphors 



Sentenc e Type 

Dependent literal Filler Related 

Variable Filler Metaphor Metaphor 

Response Latency 2.38 3.^3 3.25 

Difficulty Rating 1 . 08 1.60 1 . 53 

Strict Recall .79 .61 .4? 
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• iiterai fillers may have been easier to understand because the subjects were 
more familiar with their content or had actually encountered the ideas pre- 
viously. On the other hand, subjects were less likely to have encountered' 
the metaphors before because they are less common. Since there were no 
signi±*icant differences between the two types of metaphors,' it appears that 
they were not perceived differently by subjects. Either type of metaphor, 
related or filler, was more difficult for subjects to understand and was 
recalled less often than were the literal sentences. This does hot necessarily 
mean that metaphors are always more difficult to understand than literal ex- 
pressions. The lack of familiarity with the metaphors may account for the 
longer response latencies , Ortbny et al, (1978) found that familiar idioms 
were processed as quickly as syntactically and semantically comparable literal 
sentences. Also, Glucksberg, Gildea and Bookin (±982) found that comprehension 
of metaphors was so fast that it interferred with responding that the sentences 
were literally false. Perhaps more common metaphors would have required less 
processing than the relatively unique metaphors used in this experiment. 

As indicated in Table 3> the metaphors in the first position were re- 
sponded to more slow3y, F' (2,23)=i2,7i , MSe=2,24, and were more difficult to 
understand, F' (2,8)=29.80, MSe^,17, thah the metaphors in the second and third 
positions. There was no significant difference in the recall of topics across 
the three positions. Although there was a trend of decreasing response times 
and difficulty ratings as subjects progressed from the first to third position, 
the decrease between the first and second position was much larger than the 
decrease between the second and third position. 

Priming was effective. The facilitation was large \d.th only one priming 
metaphor. The first, metaphor should have been the most difficult to understand 
if subjects had to search for or construct a ground. Once the gromid was 
activated the second and third metaphors were understood more easily and 



Tabie 3 



Mean Response Latencies, Difficulty Ratings* arid Strict 
Recaii as a Function of Position Within 
Rel ated Metaphor Triads 



Dependent Variable 




Position^ 


in Triad 


First 


Second 


Third 


Response Latency 


3.53 


3.15 


3.10 


difficulty Rating 


1 .67 - 


1.4? 


1 .^5 ' 


Strict Recaii 


.^5 


.^7 


.50 



ERIC 



240 



-10- 



qvilckiy. Since response times and difficulty ratings of metaphors in the second 
and third position were not significantly different, subse<iu^nt access to an 
already activated ground did not increase its effectiveness. 

The recall data provided further evidence that the me titphors within the 
triads shared a common ground. The topics of related: metaphors were recalled 
correctly less often than either filler metaphors or literal fillers. The 
majority of errors in recall of the related metaphors were confusions of topics 
within a reSated metaphor triad. Subjects confused topics within triads more ■ 
than twice as often as they confused filler item topics (2.78 mean confusions 
per subject as compared to 1.28 mean conf usidnis) . Pferhaps subjects confused 
the related metaphor topics more often because the topics within a triad could 
be interchanged without losing the shared meaning, or ground, of the metaphor. 

The finding that metaphors could be consistently clustered on the basis 
of similarity of meaning, that priming was effective, and that topics within 
a triad were confused in recall indicate that metaphors share a common ground. 
Since founds were restricted to unique topic-vehicle combihatidns, a con- 
ceptualization of the ground as a more abstract entity may be more accurate , 

A number of researchers have proposed that grounds are fairly abstract. 
Grounds have been described as "conceptual bases" (Honeck, RieChmann & Hoffman, 
1975) f the interaction of several domains (Touiangeau & Sternberg, 1982; 
Verbrugge & McCarreli, 1977) i and semantic fields (Glucksberg & Gildea, 1981; 
Keil, 1981). Glucksberg and Gildea (1981) have found that the comprehensi- 
bility of poor metaphors was enhsoiced when they were primed with their semantic 
fields. Additional research along these lines will enhance our understanding 
of the nature of metaphor and the conprehension proceiss. 
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The main theme of this symposium seems to me to "be that cbmmbn edudational 
prohlems and phenomena not only can "be examined from many different perspectives , 
"but must he so examined if we are to understand them. It is very likely that no 
one perspective has a comer on adequate analyses and solutions. My role in 
this symposium is to provide a cognitive science-psycholinguistic analysis of: 
reading and to see how this analysis fits with the other perspectives represented 
here. To illustrate this orientation, I would iLke to analyze a specific 
reading situation that we have "been studying the last several years—comprehensior 
processes during oral reading (Banks & Fears, 1979f Banks & Hill^ t9Bt; Banks, 
Bohh, & Fears, in press). I think that we have a reasonahly good understanding 
of the basic process, "but when we pushed our model in certain ways, we were 
relatively less successful. Specifically, we attempted to introduce a task 
demand manipulation via experimenter control. To telegraph my conclusion, one 
of the reasons that this manipulation was not as rohust as we had anticipated, 
even though it seemed quite piausihie at the outset, was that we: were Insensitive 
to some of the social interaction factors present in the experimental situation. 

The basic question that we have asked is when during the comprehension 
process various kinds of information are utilized by the reader. In order to 
answer this question ^ we have used an oral reading task as an on-line measure 
of the difficulty of processing while a person is reading a story. We recognize 
that oral reading may be different in certain respects from silent reading, in 
fact we think that It is. However, oral reading occurs fiequehtly In public 
schools today (Anderson, Shirey, & Mason, 198i) and is something that most 
literate people do relatively easily. Thus, it is a convenient task with which 
to study reading in a relatively natural situation. 

We ask the reader, either a child or an adult, to read a story aloud 
while we tape record the perf orinance . The general rationale is that we look 
at the types of oral reading errors and the locations of those errors as 



indicative of the kinds of information, or misinterpretation of information, 
that might produce those errors. However, instead of waiting for readers to 

produce errors spontaneously, we insert various sorts of violations into the 

I . _ _ _ 

text in order to increase the iikeiihood that the reader will commit an bttot 
of interest. 

For the stories used with children, which are the primary focus in this 
paper, we selected stories from primers with readabilities of i.6, 3»5» and 5*6 
(Fry, 1968), Since we intended to use these stories with second, fourth, and 
sixth graders i respectively i they should not "be too difficult for the children 
to read in terms of their overall reading level. We identified 20 critical 
words for manipulation with the implicit restrictions that they "be reasonahly 
spaced throughout the story and that they "be susceptable to the sorts of 
manipulations that we planned to introduce. They varied over several different * 
parts of speech and several different positions within the sentences. For example, 
a portion of text from the second grade story is shown in Figure i and reads 
'*The Ducks found a fat stick. Because the stick was so "big the Tiartle would he 
ahle to hold on "better," Each critical word^ big in the example j was violated 
in one of foiar different ways; 

(a) In a ^Lexical violation, the critical word was replaced with a pronounceable 
nonword of about the same iengl]^ and shape. In the example, the critical word 

big was replaced with the nonword bis . 

(b) In the second type of violation, a syntactic violation, the morphology 
of the critical word was altered ^ usually by changing the inflectional suffix ^ 
such that the syntactic structure of the sentence was violated. Where possible 
we attempted to change completely the part of speech, but often we did not have 
sufficient flexibility to do so. So some of the syntactic violations were within 
the same part of speech. In ail cases, however, the reader could still figure 
out the meaning of the critical sentoice even though It was syntactically 111- 
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f binned i In^, the example, the syntactic violation was formed "by substituting 
"biggest for big > 

(c) The third type of violation was a semantic violation. Here a semanticaily 
anomalous word was introduced, that Is, one that did not immediately make sense, 
"but which was the same part of speech as the original critical wordi In the. 
example, mad was substituted for the critical word big . It was sometimes possible 
to make sense out of these semanticaily anomalous words, but it re<|uired extra 
processing to do so. 

(d) The fourth type of violation was a factual violation. The critical 

1 

word was unchanged, but the sentence preceding was changed such that a violation 
of fact was produced at the critical word. In the example, little was substituted 
for fat in the preceding sentence producing a factual inconsistency with the 
critical word bigi Both of the sentences were fully grammatical, acceptable, 
and made sense in the stoxy. However i they were factually inconsistent with 
each other j specifically at the point of the critical word. 

(e) The fifth manipulation was a control condition in which the critical 
word and the preceding sentence both were left unaltered. This condition 
furnished a baseline for estimating the number of "spontaneous" e3:rors that 
would be produced without our violations. 

The stories were comp^osed in five versions such that each violation occurred 
equally often at each critical word and ah equal number of times in each version. 
Each version was read by 10 children at the designated grade levels, so that we 
had a completely counterbalanced design. School records and standardized test 
results were not available to us, but the children apparently were reading at 
or near grade level, or a little above, as estimated by their teachers. 
Gur impressions from listening to the tapes confimed the teachers' judgments. 
We did not have children who read either well above or well below grade level. 
In order to insure that children were comprehending the story, they were asked 
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several simple, literal (luestibhs after reading each quarter of the story* 

The children's oral reading protocols were scored by dividing the text 
around each critical word into word units — three before each critical word and 
five after — as shown in Figure 1. .In general, these word units were single 
words, although some word units wer^j larger because the children tended to 
pronounce them together as a unit. At each word unit position we tallied whether 
a disruption occurred. A major disruption was defined as a substitution, omission, 
reversal, mispronunciation, stammering, regression, repetition, and pauses longer 
than those occurred normally for that reader. Only one disruption was scored 
per word unit per trial per reader. For presentation purposes, I have subtracted 
the probability of a disruption occurring in the baseline condition from the 
four experimental conditions in order to obtain a better estimate of the effect 
produced by the violations. The disruption curves for the second, fourth, and 
sixth grade readers are shown in Figures 2, 3t and 4, respectively. 

The dominant impression that one gets from these figures is that the three 
sets of curves were very similar. There were some differences, but these tend 
to be relatively minor. The lexical, syntactic, and semantic violations all 
produced their largest disruptions while the critical word was being uttered or 
immediately before (word unit O) and to a lesser extent in the word unit following 
(word unit +l). A few of the conditions were significantly different from the 
control as early as word units -2 and -t , that is before the critical word 
itself was even uttered, but there was no systematic pattern to these early 
disruptions. Likewise^ there were a few significant disruptions at word units 
+2 and +3t but these were few. The dominant effect of the lexical, syntactic, 
and semantic violations in all three grades was that there was a peak of disruption 
at the critical word that continued for one word unit after. 

The factual violation produced smaller, but significant, disruptions in all 
tSee grades. In the second and fourth grades, this disruption occurred at 
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word uni.t +1 , after the critical word had been uttered and after the other three 
violations had started their disruptions. In the sixth grade, the factual 
disruption occurred at the critical word. A possible interpretation of this 
change in the factual disruption is that as children "begin to emphasize compre- 
hension over decoding in the upper elementary school years, factual violations 
produce disruptions at an earlier point In the reading ixrocess. In the sixth 
grade, children processed the most abstract level of information earlier than 
did children in the lower grades. 

This interpretation was belied, however, "by the results from college readers, 
as shown in Figure 5. The factual violation did not produce a disruption until 
one word unit after the critical word had been uttered, a result that has been 
replicated in several other studiep^ with skilled adult readers. So the "early" 
disruption peak from the factual violation in sixth ^aders was an anomaly, 
probably a result of specific story manipulations. Note that the lexical, 
syntactic i and semantic violations produced psaks of disruptions at the critical 
word and word unit +1 in college readers ^ust as they did in the younger readers. 
Although ail three of these violations were significantly different from the 
control at word unit -i , the dominant pattern in skilled adult readers was quite 
similar to that obtained with less skilled children readers. 

There were some interesting qualitative differences in the disruptions 
inroduced in the syntactic condition. Readers at all grade levels tended to 
replace the syntactic violation with the original critical woxd, that is, they 
corrected the syntactic violation. This substitution accounted for 32^, ^rt^, . 
38^, and ^% of the second, fourth, and sixth graders', and college students* 
major disruptions, respectively. Many of these restorations were fluent in that 
there was no other disruption associated with the correctio:i. The readers 
corrected the violation fluently and smoothly without pausing, hesitatingi 

I. 

repeating, etc. , many times without even realizing what they had done. This 
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result suggests that .there was donsiderable top-down processing since the sentence 
structure constrained the part of speech of the csritical word and the readers 
added the appropriate inflection after "reading'j(()nly the stem of the critical . 
word. 

The model we have used to interpret these results emphasizes two components' 
(actually there are additional components for which we have evidence > but these 
two are CTiticai here). One component is lexical access, the process by which 
words are located in the mental dictionary. Not only is semantic and syntactic ' 
information located there, but also the articuiatory information needed to render 
the word orally. Lexical access operates both with bottom-up infoSnation, as 
represented in the lexical violation^ as well as with top-down information, as 
represented in the syntactic and semantic violations. The second component of 
the model is sentence integration. Here the meaning of the sentence is constructed 
by integrating the word meanings as well as information from preceding sentences. 
Integration of information from one sentence to the next begins before the clause 
or sentence boundary is reached (Panks, Bohn, End, 8c Mxiier, 1980). That is, 
each clause or sentence is not unde:- ■:'tood automously before inte^ation with 
the information from preceding sentorAcejf. There is an on-going word-by-word 
integration of information as each wori i^^ ?>ccriv^^ed. 

in this experiment, syntactic ans. ssms.ntic iirformation were used in lexical 
access, nearly as much as the bottom-up iiixical inv ormatidn was. The 
lexical violation did not produce an earlier disruption than did the syntactic 
and semantic information. Lexical infox^atinn ^ras critical for lexical access. 
Lexical access was blocked by the pronounceable nonword because it did not 
exist in the readers' mental dictionaries. If the syntactic and semantic 
information were used only after lexical access, say only in sentence integration, 
■ then one would expect the syntactic and semantic disruptions to have occurred 
after the lexical disruption. But in virtually every case, the syntactic and 
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semantic violattSns ^oduced disruptions just as i55n ai did the lexical vi6tetion. 
Additionally, the restorations in the syntactic condition iupported this 
conclusion that there wii substantial use of top-dowS information in lexical 
access. Factual information, in contrast, seemed to be involved in a later 
stage of processing since its disruptions tended to occur after the disruptions 
from the other violations. 

Why then were the children not more different from the adult ^eideis, and 

why was there not a progression in t fig pfbcissing st^^^^ 

became more deficient readers? Perhaps the children readers were well along 
the way to being skilled readers. This is jartly true, but only in^part, as 
indicated by the children's reading rates. The second ^ade children read about 
120 syllables per minute, fourth gradevs ;about l60 syllables per minute, sixth 
graders about 180 syllables per minute, and the college students read about 
270 syllables per minute. There were substantial differences in the reading 
rates and the children were not reading as fluently as well. Our immessions 
from listening to the tapes were that^ children read more haltingly and less 
smoothly. Yet the patterns of disruptions resulting from the different violations 
were very similar across this relatively wide range of skill levels. Our 
interpretation of this lack of differences was that when reading relatively 
easy stories children can engage automatic processes which permit them to 
perform at an cptimal .level. 

Now that w> thinic we understand what Recesses were affected by the violations 
a^d we know what pattei,i of disruptions to expect, -.hat changes in the patteSi of 
disruptions are produced by t^.e introduction of task demands similar to those 
imposed on children in t-r-.-'^j. ^l3.Bz,:coms? One reported phenomenon (Duikin, I978- 
79) is that teachers ^.:pe- vto^:- children in round-robin -eading tend to focus 
attention on ^he or«.3 r^nctiticn ^v. correcting a.iy deviations from the text and by 
giving relatively little .trei..ion -^o .nether the children imderstand what they 
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read. Teachers frequently correct the children for mispronunciations and other 
sorts of oral reading errors, but there is little discussion of what a story 
means and how It can "be interpreted. This emphasis on pronunciation, as opposed 
to an emphasis oh. comprehension, probably affects the sorts of processing children 
engage in while reading (Pfehrsson, 197^). 

We attempted to simulate these emphases in two groups of second grade 
readers. One group received pronunciation-emphasis instructions and a second 
' received; instructions that omphasized " cbmprehehsibri In the jxronunciatlo^ 
emphasis condition, the children were instructed to read the story very carefully 
and accurately as if they were reading to a "blind child. No roentt v?s made 
of comprehension. During the reading of a practice story, ev< ;lation 
error was corrected "by the experimenter, no matter how small, ^ tue 

experimenter was hypercritical of their KperfoxTnance, Then "^he :.* -^ .. sr was presented 
with the experimental story. Although the experimenter did not interrupt or 
correct the children while they were reading the experimental story, she did 
reemphaisize accurate oral production during short "breaks "between sections of 
the story. 

In the comprehension-emphasis condition, the children were told to pay 
attention to the content of the story because they would he asiked questions 
a"bout the story when they were finished. The reading aloud was mentiontjd almost 
as ait afterthought. While reading the practice story, they were not corrected in 
any way. After they were finished, they were asked some very difficult questions 
a"bout the story. The experimenter pressed them for answers and urged them to 
pay more attention to what they were reading. The child was required to go back 
to the story and find the answer to any questions that he/she could not answer. 
The children then were g^ven the experimental story and during the breaks the 
comprehension orientation was reemphasized. 

In addition to the task emphases, we also manipulated the difficulty of 
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the story. Half of the readers in each task group were presented vdth the 
iecond g^ade story as in the first experiment. Th±i stb^y was relatively easy 
f5i the second grade readers. The other half of each task group were given the 
Original fourth grade story. This story was Relatively difficult, though not 
quite frustrating, for second graders. The practice story (readability = 1.6) 
was the same for all groups. 

Twenty-five second ^adeSi were tested in each of the four conditions defined 
by the interaction of ta^ emphasis and text difficulty. Five readers were given 
each version of the stories. Exactly the same stories were used as in the first 
experiment, including the same four violations (lexical, syntactic, semantic, and 
factual) and control. After reading the entire experimental story, all children 
were asked a standard set of questions that centered around the critical segments 
that had been manipulated, as well as giving a straight free recall of the story. 
The scoring and analyses of the protocols were the same as in the first r experiment . 

In general, we view children as having limited cognitive resources to 
devote to the tasks implicit in oral reading. In all cases, an oral Rendition 
of the story was Required. The task emphases changed the relative amount of 
cognitive resources allocated to oral production. With an easy story, the oral 
production task can be satisfied relatively easily leaving some resources for 
comprehension regardless of task emphasis. A difficult story, in contrast, 
cannot be processed quite so automatically to yield an oral rendition, leaving 
fewer resources to be applied to comprehension. The distrilDUtion of cognitive 
resources is indexed by the relative sizes, locations, and patterns of the 
distributions caused by violating different types of information. 

Out expectations were that the disruptions produced by the violations in 
the stories would differ as a function of. the task emphasis and the difficulty 
level of the story because of the differential demand on and allocation of 
available cognitive resources (Stanovi6h, 1980). Specifically, an emphasis on 
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prontinciation would focus attention on the less abstract inf oimation, such as 
lexical and syntactic, producing relatively larger and perhaps earlier disruptions 
than would semantic and factual violations and than would a comprehension emphasis. 
The syntactic information was considered closely related to pronunciation "because 
syntactic information would l^e needed to produce an appropriate intonation, 
stress, etc. The factual and semantic violations would produce less of an effect 
"because the children would not have to pay attention to the content of what they 
were reading. In contrast, the comprehension emphasis would show an increase in 
the disruption from semantic and factual violations as compared to the pronun- 
ciation emphasis "because the reader would "be attempting to understand the story.. 
Lexical and syntactic information also are relevant to understanding; tte story, 
so their disruptions proba"bly would not "be diminished under a com]^ehension 
emphasis. 

The difficulty manipulation also would affect differentially the size and 
pattern of the disruptions. With a difficult story, children would have to 
devote relatively more attention to lexical and syntactic information in order 
to read aloud, there"by reducing the attention they could devote to more a"bstract 
information. Thus, we expected the lexical and s^mtactic violations would be 
relatively more disruptive in difficult stories than would semantic and factual 
violations. With easy stories;, the children could process information at all 
levels "because the less a"bstract information would not consume a disproportionate 
amount of attention. 

Furthermore, we expected task emphasis and text difficulty to inteia^ct with 
each other. With the easy story, cfildren might be able to comprehend the story 
even while emphasizing accurate pronunciation, so that semantic and factual 
violations might have some effect even with a pronunciation emphasis, HoT-^ever, 
with a difficult story, children would have difficulty producing an oral rendition 
regardless of emphasis, so that comprehending the story would receive relatively 
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less attention i and thus the semantic and factual violationis would have a relatively 
smaller effect j even with a comjjrehensibn emphasiis. ^ - ■ 

The results are presented in the next four figures (Figures 6, 7, 8, and 9) 
Using the same format that was used to present the results of the first experiment. 
The dominant impression that one receives from the foiar figures is one of 
similarity. There were no salient differences in the patterns of disruptions 
resulting from the task emphasis and text difficulty manipulations. The curves 
were somewhat more variable than those of the first experiment because they were based 
on half as many subjects , 

In all conditions the lexical^ S3nitactici and semantic violations produced 
peaks of disruption at the critical word Vd.th slightly smaller disruptions one 
word unit after. Some of the disruptions were significant one or two word units 
before the critical word as we had obtained in the first experiment. However, 
the major differences came from the factual violation. There was a significant 
disruption from the factual violation in only two conditions, namely, the pronun- 
ciation-easy story and the comprehension-difficult story conditions. In both 
cases, the factual disruption was significantly different at the critical word. 
But there was no factual disruption present in the comprehension-easy story 
condition j a condition where we most expected to obtain one. If the children 
were disrupted by the factual viola.tion in the easy story with a pronunciation 
emphasis, they must have been able to process the easy story at ail levels of 
information. That being the case, they surely snould have been able to process 
factual information in the same story Vihen comprehension was emphasized. We have 
ho explanation for this anomaly. 

Althot:!gh there were no obvious differences in the overall pattern of 
disruptions, a r.ore finely grained analysis uncovered some significant differences 
in the direction we had expected. Disruptions at or immediately after ths 
critical word (word units 6 and +l) reflected primarily disruptions to lexical 
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access and to the attempted integration of that word's meaning into the repre- 
sentation of the story. Since lexical access is necessary ^or oral production 
(because the articulatbry program must "be accessed) and also is involved in 
cdmprehenisidn processes, effects at this point should reflect differences in 
both task emphasis and text difficulty. In Figure 10, the average magnitude of 
the disruptions at word units G and +i is presented as a function of the violation 
types. On the right, the baseline probability of a disruption is presented. 
In the baseline-control condition, there were fewer disruptions with the easy 
story than with the difficult one, as one would expect. There also were fewer . 
disruptions with the pronunciation emphasis ^ but only for the easy story. With 
the difficult story i there was virtually no difference between comprehension and 
pronunciation emphases. These results isupport the analysis that, when the story 
was difficult, readers were less able to vary their processing to meet task 
emphases. 

r 

With respect to the disruptions (difference scores between control and 
violation conditions), there was a regular decrease in the size of the disruption 
with increasing abstractness of the information violated--from lexical to 
syntactic to semantic to factual. With the easy story, the pronunciation arid 
comprehension curves were nearly parallel with the cdmprehensidn disruptions 
being significantly less than the pronunciation disruptions. Why did a compre- 
hension emphasis produce smaller disruptions than a pronunciation emphasis? 
In the control condition there were more errors under the comprehension emphasis. 
These disruptions reflected primarily disruptions of lexical access because the 
most immediate demand in both conditions was the production of an oral rendition, 
That demand was not stressed in the comprehension emphasis, but it still was 
present. Hdwever, it was stressed by the pronunciation emphasis. So when there 
was a violation that derailed the lexical access process, it was more disruptive 
to the pronunciation group because of the greater emphasis to produce a perfect 



287 




TYPE OF VIOLATION 2 



ERIC 



26i 



-13- 

oral rendition; 

With the difficui+; story* however, there "was no differehce between, the 

comprehension emphases at the two lower levels of violations-- 
lexioal and syntactic—because both groups were near the limits of their abilities 
to produce an oral production. At the two more abstract levels of violatiort-- 
semantic ^r.A fp«ttw.1~the comprehension group was disrupted more than "was the 
pronunciation group. The pronunciation group plunged ahead being restively less 
affected by the semantic and factual violations since that information was less 
relevant to the pronunciation task. The comprehension group was trying to under- 
stand the difficult story, so the semantic and factual violations disrupted that 
comprehension process. Although these effects were small, they Were reliable. 
Thsse more detailed results, thus, supported the analysis of the reading process 
as it operated in these experiments. The effects simply were not as robust as 
expected. 

Restorations of the original critical word when there was a syntactic violation 
followed a pattern expected from the conceptual analysis of the conditions. With 
the easy story, a greater percentage of the disruptions were restorations under 
the comprehension emphasis (ij-l^) than with the pronunciation emphasis (26%). 
With the pronunciation emphasis, re: .rers were more careful to read what was 
printed, whereas with the comprehension emphasis, the linguistic context exerted 
a top-down influence that led the reader to restore the syntactic form of the 
critical word. In the difficult story, this difference disappeared: the percentage ' 
of disruptions that were, restorations was virtually the sam.e..under the comjo-e- 
hension emphasis (35%) as under the pronunciation emphasis (36^) . with the 
difficult story, readers had to devote more cognitive resources to less abstract 
types of information so there was less opportunity for the top-down linguistic 
context to influence lexical access. 

Turning now to the results 6f the recall test, the answers to the 65m^e- - 
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hensibn questions that were asked of all chl'icLrrri immediately after they finished 
reading the story, the percentage of que^stions ::avr^>i;-:red correctly was significantly 

greater for the easy story (?8%) than for the dif f 3 rjuit story (57%). Fowever, 

there was virtually no difference botween the two task emphases in amount recalled 
(pronunciation emphasis = 69^, comprehension emphasis = 66?^), Whatever the 
immediate te.sk emphasis 1 all readers were comprehending and remem'bering the story 
well enough to answer the (i.uestions. The failure to find a difference "between 
the task emphases was especially surprizing iDecause the recall test was expected 
"by the comprehension group, so they were presumably remembering intentionally i 
The recall test was a surprize for the pronunciation group because they had not 
been given any questions after the practice story, so their recall was iricident|Ll. 
to the oral production task. There also was no hint of any interaction between 
the task emphasis and text difficulty conditions. This result also was unexpected'. 
The pronunciation group recalled as much of the easy stoir as did the comprehension 
group (77% and 79^, respectively), a result consistent with the notion that with 
an easy story children could both produce an oral rendition arid comprehend the 
story at the same time. However, the difficult story should have been sufficiently 
difficult to occupy most of their resources in producing an acceptable oral 
rendition, without having much left over for comprehension. But even with the 
difficult story I the pronunciation group recalled as much as did the comprehension 
group (56% and 59^i respectively). Perhapc the comprehension questions were not 
sufficiently sensitive, yet they were sensitive enough to yield a difference 
between story difficulties, 

in summai^ then, with regard to the lexical access and sentence comprehension 
processes, the effects were consistent with our model of how reading comprehension 
processes operate. The pronunciation emphasis had its primary effect on lexical 
access by focussing attention on the information types that most facilitated 
producing an oral rendition of the story, namely * lexical and syntactic information. 
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The comprehension emphasis , in contrast , tended to focus relatively irove oii 
semantic and factual information that would bi used to construct a represerita+lc- 

of -the story. - The adjustments to processing were ...not very, robust , but; were eviden.t. 

only in detailed analyses of the reading aloud protocols. Regardless of the 
task emphasis, the second graders were able to retain a representation of the 
text. 

How then are we to interpret , thi s relative lack of robustness? We think 
that there are two primary explanations as to why we did not obtain larger 
effects from the ta^-emphasis manipulations. One possibility is that the task- 
emphasis manipulations vjere too short-term to ^rf-f ect. the reading process. The 
children were in the experiment about 30 minutes, so the experimenter had a 
relatively brief period of time in which to implement the task emphases, in 
contrast to the hours and hooSs of clasiroora instruction. The other side of 
this explanation is that children simply are not very flexible with their reading 
strategies. They are unable to vary their reading processes in any appreciable 
ways to meet r,pecific task dem.ands. Their reading processes change, but only 
with lots of practice and continued instruction. So we should not have been 
surprired that the short-term raanipula-tions did not have much impact on the 
ingrained processes that children had acquired through classroom instruction. 

A second possible explanation is that in the experimental situation the 
implicit social demands overwhelmed the specific manipulations, in all conditions, 
we used a one-on-one examination of the children's oral reading by an adult 
exitSiner. The child was under implicit pressure to perform for the experimenter, 
just as the child performs in many similaS situations for the teacher. Performing 
well in reading implicitly means reading aloud accurately and understanding what 
is being read. The implicit task has components very similar to the manipulations, 
but the relative weighting of these subtasks has been set by the classroom 
teacher's use of oral reading and not by the manipulations. From the child's 
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perspective, than, the task-emphasis liiahipulations were relatively minor aspects 
of what the child perceived as an intensive individual examination of his/her 
.: reading skill. Of course, the experimenter was friendly^ cordial, and tried to 
put the children at ease; she tried to emphasize that the experiment was non- 
evaluative of individuals and the results would not affect their grades. But it 
seems evident in retrospect that the children still perceived this situation 
evaluative ly, as an examination, despite demunrais to the contrary. So we think 
that a major reason for the lack of robustness of the task-emphasis manipulations 
was our insensitivity to the children's perceptions of what the experimental 
situation was all about. These perceptions are not changed easily, and perhaps 
not at all. We should be pleased with the results that we did get. 

What solutions are there to this problem, assuming that we are not satisfied 

with the current evidence of how flexible and adaptable (or inflexible and non- 

adaptable) children's reading processes are? One solution is to identify teachers 
with differing orientations toward reading comprehension and oral reading 
specifically. Then using experimental stories like otSs, one couid determine 
the extent to which children adapt their reading strategies to satisfy the 
teacher's implicit task emphasis over the period of a year. The testing could 
be done in the classroom as part of the regular instructional program, rather 
than in' separate experimental situations, thus reducing the more intense one-on- 
one evaluation demands. 

This approach does not solve all of the problems, however, because we have 
lost the ability to control the manipulation of the task emphasis. What kinds 
of teachers adopt or develop the different orientations? What kinds of children 
flourish or flounder under the different orientations? ■ A better solution is a 
research program in which multiple research orientations interact (Banks, 1982). 
Neither a naturalistic nor an experimental approach can provide all of the 
answers. But naturalistic studies can suggest hypotheses that are testable in 
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experiments and experimental results require nattiralistic obiser v3.tions to te 
properly interpreted and validated. When dealing with complex social-cognitive 
systems^ and the educational process certainly lis one, we should not restrict 

ourselves to only a few reseax'ch istrategieis, but converge on the issues from 
many angles. 
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READING COMPREHENSION PROGESSES IN POLISH 

AND ENGLISH 



. P'^ita obtained in an Engli^h-Jannuage experiment, iri which sub- 
jec^s had to rcacl.-?iLaud_.a^lory containing cither syntactic, or seman- 
tic,, or tactual _inci)nj5istencies, were compared with the results of 
a paraljel Polish-language experiment. The general pattern pf dis- 
ruptioiis.in the reading process was very, similar in the two ianr 
guages^ except for -the syntactic condition, where — probably due to 
the specific role of word endings in Poli.sh — the .magnjtude of the 
disruptipris was much larger, and substitution_e_rrors_ were much Jess 
frequent, in Polish than in English, The_ultima.te„ c^ is that 

reading comprehension pro_cesses_a the same in Polish 

and English and are best represented by an interactive model. 



Language comprehensidn Jin_ Jeneral 
and reading comprehension specifically 
i^yolyc the construction of a meaning 
representation for a linguistic^ input. 
A physical stimulus, speech or print, 
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undergoes a series of transfo.rma'tibns 
as a listener or reacJer constructs a mean- 
ing. Psychological studies of com- 
prehension have iocused on the form 
of the final meahirig represen tation in- 
stead of on the processes by which that 
representation is constructed. The na- 
' cojTiprehehsion process is 

not self-evident from a rational or lin- 
guistic, analysis (ci. Fodor, Sever & 
Garrett, 1974). Intuitive models usu- 
ally posit a ''bottom-np'^ interpretation 
0^ ^n input, i.e., a unidirectional series 
of processing stages as the physical in- 
put is transforined into a meaning re- 
presentation^ However, these interpre- 
tive models seriously understimate how 
much more abstract information facili- 
tates meaning construction (Danks__& 
Glucksberg, 1986; Rumelhart, 1977). 
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For example^ phonemes and letters aVe 
^^sier to understand when presented in 
the context of a word^ words are easier 
to understand in a sentence, and sen- 
tences are easier to interpret In a large 
context such as a story or paragraph". 
Such influence is caJied *'top-down" 
because higher, more abstract informa 
tion facilitates (or sometirnes hinders) 
Ibvver level processing. 

_Si_nce both tbp-do^va and bottora-up 
effects occur, an atie^iatiB model of 
language comprehension must permit 
^o^^J^j?^^^ flow. In- 

teractive models accommodato thit re- 
quirement most easily (Danks, iSV3). 
They typically allow several sources 
of information to be active at any giv- 
en time while a imeahLng representa- 
tion is constructed md^^ or less conti- 
nuously. While interactive models are 
rnpst acceptable as a class, there still 
exists a possibility that an _ad6cjuat.s 
bottom-up model can be devised; For- 
ster (1979) has proposed that various 
sources. _ of _ information are processed 
in parallel but independently, and that 
the final integraUon (meanir^ comput- 
ation) is achieved at the end of some 
PP^yo? J^^ -niaterial, <aft^r a clause 
boundary, for i;x:,mple^ There is evi- 
denice, however, that meaning is con- 
s^'^ycted more less oohtihuously 

durmg.text prosessing (Marslen-Wilson, 
Tyler & Seidenberg, 1978). 

Thore are sieveral different types of 
information available to the listener or 
reader during cbmpreheasich: physical 

— the. actual speech or prinj;;^ lexical 

— information stored with the repre- 
^'^^^'^^l^^^.pf .'"i ^ybj^^ in ihe mental dic- 
tionary; morphological — the various 
rnbrphemes contained within' a word; 

~ ^lo;^y_?_ wbrd fits into the 
gramrnatical. structure of a sentence; 
^^^•'^P^ic — hbw a v/6rd*s meaning con- 
tributes to the meaning of a sentence; 
textual — how the meaning of a sen- 
tence fits with the schema for the story 
or text being processed; and factual 

— how a story or text and its cbmpo- 
nents reiate to a reader's knowledgie 
abbut the world. 



In the experirrierits discussed here, 
we focused on how syntactic, semantic, 
and iactu3l * sources of information 
contributed tb a reader's understand- 
ing of a story, and how reading cbrh- 
IDreherision processes might fae different 
ir Pdlish and English. The basic ratio- 
nale was to violate or distort one bf 
U;e5:e informatioii sources at specific 
points in a story. Subjects then read 
the story aloud. When the^ encounter- 
ed a viblatibn, their comprehension 
processes vwuld^ at the 

point, in time that they attempted to 
use___the viblated information to 'under- 
stand the story. Beca^^ at- 
tention would have to be devoted to 
resdlvmg the distbrtibn, there would 
be less attention available fqi^ produc- 
ing the speech corresponding lo the 
text. Thus, the^s_hift in_ attention would 
cause a disruption in the reader's ora) 
prbductibh at the point in time when 
he attempted to use the violated in- 
formation. 



METHOD 

Material 

_ A_ story selected frorri an American 
magazine had been used in_ previous 
experiments using this procedure 
(Danks & Hill, in press). The bioiy was 
translated into Polish with soitie ad- 
justmehts^ e.g., names of .characters, 
jJ^ .^PP^opri^te /or Poiish read- 
ers. Sixteen words (out of about 2000 
words in the story) were identified as 
criUcal words for manipulation. In the 
story, a school girl, is injured in a bus 
Occident. In the fbllowing example, the 
girl's mother has just heard about the 
accident and is : worried about her 
daughter. "Pier da ujht€(r had always 

been weak physically. Because of this, 

-5 -4 . -3 . ~2- 

/ she even / imagined / her / daughter / 

* In these experiments, we did hot dif- 
ferentiate between violations of textual and 
factual information. In any case, both are 
more abstract than either syntactic or se- 
mantic information. 
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-i b +! +2 

being / irijured / by other children / 

4-3 '¥_A_ __ ±5 

while /trying /to get /out of the wreck- 
ed bus".* The Polish translatioii was 
"Corka jej zawsze byla slaba fizycz- 

— — 5_ _ ^4- 

nie. Z tegb pbwod_u / riawet / \vyobra- 
-2 -I 

zala / sobie, / ze corka / zostala / po- 

: 0_ __ f l _ _+2__ ___ _i:3___ 

tr^cona / przez inne / dzieci / w chwi- 

. +4 .4-5 

11 / gdy usilowala / wydostac si^ / z 
uszkodzonego autobusu^" The critical 
words were injured and potrqcona. 
__^9^__^^A s]pitactic manipulation, the 
base morpheme(sj of the critical word 
was retained, but the ending was al- 
tered such thifit the word was the in- 
correct part of speech for that point 
in the sentence. For example, the verbs 
injured and potrqcona were changed 
to the nouns injary_ and potrqcenie. 
Although the Aan^^^ formal manipula- 
tion was performed in both Polish and 
English, word endings function \iry 
differiently in the two languages. In 
Polish, the part of speech (as well a? 
some other properties) of most wbrdF 
can be determined directly from the 
word ending; e.g.. -efc, as in fcbrefc, in- 
dicates a masculine ribun. The endmgs 
are similar to English endings such as 
-tioii; however, while most content 
words in Polish have such endings, 
only_a few English words are so mark- 
ed. So the syntactic mariipulatibri _was 
much easier to execute in Polish than 
in English. In addition to endings that 
Pajrjt_ bf speech, virtually all con- 
tent words in Polish also have inflec- 
tions which indicate the syntactic func- 
tion of the word in the particular sen- 
tence. For example^ kobieta is nomina- 
tive case, kobiety is eenitive, and fcb- 
bietq is accusative.^ While English has 



' Art explariatibri af the numbers and slash- 
es in the example follows in the next section; 
sec also Figure 1. 

* Viola t ion of i n ncctipns, whi ch_ is pra c- 
t) J J y. Am ppssi b i c to _ ac CO m_|D Ij s h in .Engl ish^ 
has been intmduccd in a second experiment 
wjth tjie Polish text. The results of that ex- 
periment will be reported in a later paper. 



a few' inflections, e.g., smgulaiVplural^ 
genitive in some cases, and verb tense, 
it depends prirnarily oh word, order to 
indjcate syntactic function^ Iri^ Polish 
word order is relatively much freer ^ 
serving prirnarily a pragrnatic fuhCT 
tion. We expected that, since word end- 
ings^ including inflections, are rela- 
tiyejy__mbre imi3brtaht for _ determining 
syntactic structure in Polish, introduc- 
ing a syntactic viblatibh by altering a 
word en dmg would be more disruptive 
for Polish readers than f'>r English 
readers. 

For the semantic manipulation, the 
critical word replaced with an- 

other word of the same part of speet.L, 
but one which was semantically lo- 
malbus in that sentence For exarrplf:, 
i^i_^r^/^__was replace 

potrqfCo?ia_ was replaced with posadzo - 
na. For the factual manipulation, the 
critical word was not altered. The 
sentence preceding the critical word 
was altered so that ah incohsii;ter"y 
was created between that sentence and 
the critical wrid. In the example, 
u>eak and siaba were charie^^^^ strong 
and silna, respectively. The daughter 
being strong is inconsistent with the 
n^bther being worried abbut her being , 
injured by the other, children. There 
were hb apparent differences between 
Polish and English in impliementing 
the semantic and factual manipula- 
tions^, so we expected no differences in 
the timing or size of the disruptions 
resulting from them. 

Design r^nd procedure 

Sixteen critical woids were identi- 
fied and manipulated as described. 
F.bur versions bf the stbry were prepar- 
ed such that each critical word occur- 
red oince in each imanipulatioa, includ- 
^..cbntxbl condition _i_n__ which the 
text was not altered in any way. The 
stories were read aloud by skilled read- 
ers — 40 undergraduate students 
at the University of Warsaw and. 45 
at Kent State University, 10 readers 
per version. In order to insure that sub- 
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jects were attempting to comprehend 
what they wer^^ .reading, the subjects 
gave a summary_,of what they had read 
following each fourth of the story. 

For_scoritig' purpcises, the portions of 
the sentence preceding and following 



each critical word were segnierited into 
five word units. These word units are 
marked by slashes and are nurhbc rr?c 
from the critical word ijl the exaivp 
sentences above. The word units wc>^o 
one word long except when readers • 



A: SYNTACrC 



POIICH 
— o— ENOLlCM 




Fig. 1. Mean increase in production lirrics of syntactic, schiahtic, arid factual riiariipula- 
tiqns (panels A, B, and C, control condition as a function of word 

unit position for the Polish and English language experiments. 
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tended to prbridurice two words as a 
single unH^ o.g., she even and w diwili. 
Two dependent variables were scored 
for each word unit — prbductibn times 
and major disruptions. Production time 
was the time it. took a reader to 
pronounce a word unit, tihiihg frbrh 
the end of the previous word unit to 
the end of the one being scored. Any 
pa uses or brea ks in bra 1 pr qd net ion 
wijre included in the production time 
of the following word unit. Major dis- 
rMptibhs werie any disruption or error 
that indicat'^ci that the reader was hav- 
irig a problem comprehending the text. 
The types of irn jcg* jdisrU^tidns ^w^ 
mispronuncEEitions, repetitions, substitu- 
tions, omissions, reversals, stutterings, 
hesitations, and Pauses. In i:-imeral, the 
results of- the major disruptioji analyses 
cbniirrried the results obtained frbm 
the production times, so Oiily the latter 
are presented except where additional 
inforrhatibri was qbtained frcrf? /'>U\i^?r 
disruptions. Ail results are prr- ^-^^i^jisl ri?- 
lative to the cpntrbl cond\\.-t: 
absolute production times ai.^C .^r^u. joi* 
disruptions _ were not of interest: All 
reported effects were significant at the 
.05 level of significance. 

RESULTS AND DiSCUSSiON 

The mean production times from the 
Polish and English language experi- 
rn en ts a r is s h b w h i n F i^ure 1 as a f u h c-^ 
tion of word uni-t position. The dif- 
ference times (after subtracting th2 
control condition times) for the syntac- 
tic, semantic, and factual manipula- 
tibhs are shbwn in panels A, B, and 
C, respectively. 

Syntactic manipaintion 

In both the Polish Jind English lan- 
guage experiments^ there was a signi- 
ficaht disruption due to the syntactic 
manipulation beginning at word Unit 
— 1 (see Figure 1, pa.nel A). The magni- 
tude bf the disruptibn was larger in Pb- 
lish 'han in English. At the point of 
;?i:ti^' ^Jisruption (word unit —1) thp 
disruption was much greater, in tiv^ 



Polish experirheht than in the Erigiish 
one, and tiie peak was higher in the 
Poiish experiment. So although the 
timing bf the disruption was the same 
in both exiperiments, the overall liiag- 
nitude of the disruption due to the 
syntactic mahipulatioh was greater in 
Polish than in English. 

The disruptions due to the syntactic 
manipulation _v/ere qualitatively dif- 
ferent in Poiish and English as well. 
In the English experiment, 50**/o_of the 
^^i9r_^]srypjti_bjis at the critical word 
were restorations of the original form 
oi the critical wbrd, e.g., injured was 
restored from^ the printed mjury^ Many 
of these •restorations, were. without pause 
yrLtil _ lifter they 'had heen uttered^ 
then the reader realized too late that ( 
what he had said was not what was 
prihted. If ^he English readers were 
not paying rnuch attention to the ends 
bf words, they would perceive injurr, 
which was syntactically and sem^'.nt 
cally consistent with a possible word, 
3y_d would say the syntactically cor- 
rect response, injured. Thus, top-down 
information was used U v lexical "ir-oess 
o^ ^r apprbpriate wor^ 

in the Polish experiment, only 9"/d 
bf the .majbr disruptions in the syntac- 

^^ondition were substitut^^^ 
(which would _ include fluent restora- 
^ibns). If Pblish readers .paid more at- 
tention to the ends of words, they 
would be more likely to notice that 
the endmg iri the syntactic conditions 
was inconsistent with the sentence 
structure. Sbmetimes this recognition 
occurred before they uttered the word. 
In whict case,, they would hesitate or 
pause [46°/o bf the majbr disruptions 
in Polish cs: 33^/o in English). Some- 
times this recognition did^not occur until 
^l^^y .^A^ already started tb prbhounce 
the word, which in turn would cause 
them tb stutter or stammer (9^/o of the 
major disruptions in Polish vs, iVo in 
English). Much of the time Poiish read- 
ers were hesitating, pausing, or stu.t- ' 
*??i"^g_t^efore utterihg the syntactically 
incorrect ending. Polish and English 
readers pay attention to different parts 
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of the word because the 

distribute the hnguistic information 

diiierently.^ ..... 

The quantitative and qualitative dif- 
ferences betwefia the disruptiojns in 
Polish and English are consistent with 
the diffiBrences between Polish and 
English in how inforrhatlori in word 
endings contributes to the specifkiatjdri 
of syntactic structure. Word endings 
are not_as important in English as they 
are in Polish for determining th 
of speech or for indicating how a word 
functions syntactically in a sentence. 
Readons pf English^ focus more atten- 
tion on the beginnings of words be- 
cause the beginnings cairy the ^ 
relevant, information. Syntactic informa- 
tion in JSnglish is carried primarily by 
word order, the extraction of .which is 
a natural consequence of left-to-right 
reading strategies. In Polish, in con- 
trast, the reader rnust pay close atten- 
tion to the word endings, because they 
provide the syntactic inforrriati(3n ne- 
cessary to determine the syntactic 
structure of the sentence. Skilled read- 
ers of Polish eyideritly have a^ 
the attentional strategy of paying close 
attention to tlic ends of words as well 
as to the bc^inninijs. Sin^^ the syntac^ 
tic. manipulation distorted the part of 
speech inforrnation in the word end- 
mgs, this violation had a- larger, dis- 
ruptive effect earlier. Word order, 
which was not distuijDed, still provid- 
ed the required information to_ English 
readers even when the part of speech 
was changed by the word ending. The 
word order information was still avail- 
able to the Polish readers as well, but 
it was not nearly as useful to them. 

Semantic manipulation 

^ The introduction of a semantic ano- 
maly produced a disruptive effect be- 
ginning at word unit and peaking 
at word unit +1 in Polish and at critical 
word in English (see Figure 1, panel Bi. 
The shape of the disruptive effect curve 
was sirnjlar in Polish and 'English, Ir. 
the later word unit^, he i, . uptive ef- 



fect fell off faster in Polish than in 
English. The fact that the two curves 
were nearly^ the same jshape indicates 
that semantic information was func- 
tioning in. a similar way for both Po- 
lish and English readers. There is no 
apparent difference between Polish 
arid English in this farpect of seman- 
tics,^ nor in how the 5t 'nantic manipu- 
lation was instituted. So the similarity 
of semantic, effects was in line with 
our expectations. 

Factual manipulation 

The' factual violation produced^ a 
significant^ disruption in the Polish ex- 
periment at word units -G and -Fl (see 
Figure 1, panel C), In the English ex- 
periment, the significant disruption be- 
gan cnly at word unit -Fl, but c<)n- 
tinued through word unit _4'3, In ad- 
ditLon, the magnitude of the disruption 
was larger in Polish, but this difference 
wias ^obably not aneaningf u 1 for corn- 
par ing the use of factual information by 
Polish and English readers. _TheJ^Jxl^^ 
manipulation is difficult to compare 
closely because sub-vie diffeirences in 
phrasing can enhance or attenuate the 
effect quite easily. ThaX smaH differ- 
ences in phrasing can make large dif- 
ferences in interjDretation was observ- 
ed while constructing the materials for 
the experiments. The irriportant pomt 
is that the factual inconsistency did 
produce a significant disruption of 
about the same riiagnitu^^^ at about fh 
same point in the sentence in botlil> ' 
guage experinients. There is noth^ 
about the nature of Polish Eng- 
lish languages that would lead us to 
expect any large differences in ho^ 
factual information functions in read- 
ing comprehension. 

CONCLUSIONS 

in spite of _ the salient differences in 
magnitude of the disruptions between 
the Polish and English experiments, 
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the pattern of results was very sim^ 
for Polish and English. The similarities 
in pattern indicate that the underlying 
readings cdmprehensiori processes are 
likewise very similar. A top-down in- 
fluence of higher-order information on 
lexical access was quite evident in the 
di:iruptive effect, of the semantic and 
syntactic mahipulat^ms before the cri- 
tical word was uttered. The factual 
inconsistency produced a significant 
disruption after the other two, indicat- 
ing that factual information was more 
critical for sentence and story integra- 
tion lhah for Jexical access. The overall 
pattern of results in both languages 
supported an interactive 'model of read- 
ing ^orri£reheiin^^ (Banks, 1978; Danks 
& Hill, in press). 

This similarity in the pattern of re- 
sults; should not obsure the differences 
that were obtained in the syiitactic 
condition, Certainly v^uch differ ^rnc5^ 
mdicate that Polishu readers 
the text somewhat different^* 
the EngHsh — speaking rea 
ever, the inferred differex'ice.- ^s- 
sing can be attributed to differ - s In 
Polish and English languages. The 
nature of Polish requires that the read- 
er pay close attention to w^ord e 
When the syntactic ■manipulation dis- 
torted the information in those end- 
ingSf it^produced a :pronounced disrup- 
tion immediately. Since in English more 
syntactic informiation , is convened by 
word order than by word endings, 
English readers do not have to pay such 
close attention to the ends of words 
so were not quite so disrupted by 
the syntactic .manipulation. The basic 
comprehension 'process remained the 



same, however. In both languages, the 
reader used syntactic information for 
lexical access. The difference lies in 
whiere that inf9rmiation was j«at€^^ in 
the iprint — at the •ends of words, or in 
word order. Thus, the primary conclus- 
ion stands: reading <:oiTiiprehensiort 
processes are. functionally the same in 
Polish and English and are best re^ 
presented by an interactive onodel. 
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Abstract 

Two experiments in Polish replicated several conditions 
in English experiraents on reading con5>rehension processes. 
In Polish syntactic information is represented primarily by 
morphology and in English primarily by word order. Lexical, 
syntactic + semantic , wifihin-syntactic class, between- 
syntactic class, semantic, and factual information were 
violated in stories. Native speakers read the stories aloud 
and the protocols were scored for increases in production 
time around violations. The disruptions in oral reading 
caused by the syntactic violations were relatively larger 

and occurred earlier in Polish than in English. The seman- 

" ~" " ~" " 

tic and factual violations produced broader disruptions in 

English than in Polish- Reading comprehension processes 

varied to meet the cognitive demands imposed by how the 

available information was represented. Polish readers 

adopted ^ focused strategy and English readers a more 

diffused strategy. 

Resume 

En deux experiences conduites en langue polonaise, on a 
reproduit plusieurs conditions d ' experiences conduites en 
langue anglaise sur les processus de la con^rehens ion de la 
lecture. En poionais, 1 ' information syrxtactique est donnee 
principalement par la morphoiog ie , aiors qu'en anglais, 
c'est surtout par I'ordre des mots. Dans des fiicits,- des 
informations lexicues, syntactiques + !=e.TrT.antioiie-5 clans-la- 
jT^eme -clasne -syn tact i que , <.»ntre-dei: -lar^i^e?^^ -^^Vf^- <^/^tiques. 
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semantiqueS f et positives ont et<l d^form^es, Des sujets de 
langue maternelle polonaise bnt lu les recits a haute voix 
et les protbcoles ont ^te exraJues en fonction de 1' augmenta- 
tion du temps de produ:!L:xori aux endroits affectes par les 
deformi^tions- Les perturbations de la lecture k haute voix 
prr «i H'^^viGes par des deformations syntactiques ont dte rela- 
ti'^; ^^f^-^^v " t plus impdrtantes et bnt eu lieu plus tSt en 
polonais gu'en anglais- Le deformations s^itiantigues et 
positives bnt provogue des perturbations plus importantes en 
anglais gu'en polonais. Les processus de la comprehension 
de la lecture ont varie en fonction des exigences cognitives 
impbsees par la fa^on dont les informations disponibles ont 
ete representees. Les lecrteurs polonais ont adopte une 
strat^gie ;::oncentree aiors que ceiie des iecteurs ungiais 
etait plutot diffusie. 
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Many recent investigations have viewed language compre- 
hension as an interactive proces>:: in which the comprehender 
utilizes many sources of information to arrive at an appro- 
priate interpretation of the speech or print (Danks and 
Glucksberg 1980; Just and Carpenter 1980 ). One result of 
comprehens ion being interactive is that it is also quite 
flexible (Danks 1978), that is, there is no single inte- 
grated comprehension process that is applied uhiformally 
each time linguistic input is encountered. Rather compre- 
henders (listeners and readers) adapt their ebmprehension 
strategies to the situation. We read novels for pleasure in 
a different way than we read technical articles. We do not 
process cocktail party small talk in the same way as 
dramatic dialogue. The comprehension process changes to 
meet the cognitive demands of the situation. Comprehender s 
also differ in the cognitive skills that they have available 
to meet these demands. Children who are just learning how 
to read and listeners who are learning a second language 
have fewer cognitive skills so that they must allocate their 
cognitive energies differently than do skilled adult readers 
and native speakers. The flexibility of language t^rocessing 
then i s represented in the interaction between the cognitive 
demands of the /^iteation and the cognitive skills of the 
comprehender. 

What sorts of variations in the comprehension situation 
lead to differences in the cognitive demands placed on the 
comprehender? If comprehender s e35>ect a verbatim recall 
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test they process the text differently than if they are to 
solve a problem (Frederiksen 1975). Coitqprehension is differ- 
ent when comprehenders are required to produce a continua- 
tion of the read text than when required to recall the infor- 
mation (Mistler-Lachman 1972). Emphasizing oral performance 
in reading results in a different con^rehehsioh process than 
when comprehension is emphasized (Dahks 1982a/ 1982b; 
Pehrsson 19 7 4.?. Many of the apparent differences that have 
been found betv; *en listening and reading modalities are the 
result of different demands that the two modalities of 
presentation piace on listeners and readers (Danks and End 
in press; Rubin 1980). : 

The linguistic structure of the text itself can place 
different sorts of demands on the compr ehender . Stories 
that follow the story grammar for a particular culture are 
more easily and cbnpletely understood than those that do not 
(Kintsch and Green 1978; Mandler 1978; Stein and Glenn 1979). 
Although there may be universal properties of folk tales 
such as the scientific values of the story characters that 
are understood easily across cultures (Bobryk and Dobrowol- 
ski 19 81; Propp 1958), text difficulty also can affect pro- 
cessing, if the input material is quite difficult, either 
in vocabulary or syntax, the comprehender may have to resort 
to a i6v7er level of processing in order to salvage some 
information from the text (Danks 1982a). 
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Finally, differences in language structure can affect 
the structure of the comprehension process. Sone languages, 
like English, encode syntactic information primarily in 
terms of word order. Some languages, like Polish, Russian, 
and Finnish, encode most of the syntactic in.fbrmatibn in 
suffixes.,. LT^i^ would expect then that c6ir5)rehehders of these 
la^r^' ^q^s wc^Xd be more attentive to word endings than would 
English language cbmprehenders - The primary purpose of the 
experiments reported here was to explore what effect such 
differences in language structure would have on comprehen- 
sion processes. 

Many studies of language comprehension, especially read- 
ing cbmprehehsion, have measured subjects' memory for texts 
(cf- Bobryk and Dobrowolski 1981; Danks and Glucksberg 1980). 
However, such data provide only indirect information about 
the process by which the representation was constructed. In 
order to gain a fuller understanding of comprehension pro- 
cesses, many investigators have turned to on-line measures 
of comprehension, such as phoneme and category mbhitbrihg 
(Foss and Lynch : r : rslen-Wilson and Tyler 1980), eye 

movement monitoring < 'i'^it --^^ Carpenter 1980), reading time 
(K.tntsch and Keenah 1^73; Cirilo and Foss 1980; Girilo 
1381), and speech shadowing (Marslen-Wiliron 1975 ). Vie have 
used brai reading performance as an on-line, indicator of the 
comprehension process. 
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Two tasks are iSplicit in ah oral reading task ( Danks 
Bohn and Fears in press? Dahfcs and Fears 1979; Dahks and 
Hill 1981). One cohtihuing on-line demand is to produce an 
oral rendition of the print about the same time as it is 
fixated. Variation in the speed of oral prpduct ion and the 
kinds of oral reading erro^rs provide quantitative and quali- 
tative indications of the difficulty arid nature of the com- 
prehension process at that point in time. in this sense, 
the oral reading task is very similar to a speech shadowing 
task except that the input is print rather than speech; the 
output is a relatively cbntemporaneous oral rendition of the 
input. Satisfying the oral production demand requires lexi- 
cal access of the printed word. By locating the word in the 
merital dictionary , readers have access to the articulatory 
information needed to say the word. 

The second demand in^iicit in oral reading is to under- 
stand what is being read; As we have used the task, readers 
are asked to give a summary of the story every couple of 
pages, eonsequehtly , they must attempt to construct a repre- 
sentation of the story as they are reading it. The compre- 
hension demand is riot on-lirie, so readers can delay under- 
standing if they encounter some difficulty. But completing 
a gist representation firdm verbatim code cannot be delayed 
for long because of short-term memory constraints. The cbm- 
preherisiori demand induced by a request for a summary 
requires that sentence and discourse processing be completed 
through the construction of a macros tructure. 



The contribution of different types of linguistic infor 
mat ion to lexical access and sentence cdn^rehensi on compo- 
nents was investigated in several experiments (banks et al. 
in press; Dahks and Hill 1981). The rationale was to intro- 
duce violations of different types of linguistic information 
at specif ic points in a Istory* The effect of these viola- 
tions was measured by delays in or ai production times and 
disruptive errors. The telative pbsitibning and shape of 
the disruption curves resulting from each type of violation 
indicated how the different types of information were pro- 
cessed, violating lexical (inserting a pronounceable non^ 
word) , syntactic (changing the part of speech) /and semantic 
(inserting an anomaly) information disrupted oral product ion 
just before the critical word was uttered; 
syntactic and semantic information were used in iexical 
access just as was lexical information itsel^^^^ 
factual information (making two successive sentences, factual- 
ly inconsistent) did not yield a disruption of oral produd- 
tioh until after the critical word had been uctered. So 
factual information was nbt^used in lexical access /but was 
involved in sentence and discourse processing. 

The purpose of the experiments reported here was to 
compare whether the cortprehehsion processed the 
pattern of oral reading disruptions would be altered by 
differences in the cognitive demands in^osed by differences 
in langfuage structure^ Several of the conditions and experi- 
ments previously reported for English-:-ianguage readers were: 
replicated with Polish readers . 



. Polish is a Slavic language that differs in many ways 
from Englishr which is Germanic ( cf . Pis i^k^ Lipinska- 
Grzegorek and Zabrocfci 1978; Schenker 1973) • In addition to 
obvious differences in pronunciation ^ spelling^ and vocabti- 
lary^ Polish and English differ in their syntactic structure, 
in English syntactic information is indicated primarily by 
how words are ordered in sentences. The position of a given 
word in relation to other words in a phrase or clause indi- 
cates how the word functions syntactically. In Polish the 
syntactic function is marked by the morphological structure 
of the v7ord itself ^ not by its sequential relation to other 
words. Host words have specific suffixes that indicate the 
part of speech. Additionally^ within each part of speech/ 
inflections organized in declensions and conjugations fur- 
ther specify syntactic function by di f f er enti ating among 
geiiaer s , numbers , tenses , and cases . For exanqple^ in Alio ja 
dal:a^ ksiizkj przyjacielbwi / "Alice gave a book to a friend^? 
the -a suffix on Alic ja indicates feminine , singular^ nomina- 
tive case^ the -ta on dala indicates past ^ third-per sdri 
singular f feminine sub ject/ the on ksiazk^ indicates 
feminine r singular ^ accusative case ^ and - bwi on p rzyjacie- 
^ow_i ihaicates mascu li rie ^ s ingtilar , dative case. if the 
friend had been a girl> then the ending would have been -eef 
przyjaci6tce (note stem variation as well)^ 

"Both Polish and English are subject-verb-object ( SVO ) 
languages y but in Polish the basic SVO word order can be 
altered cjuite readily for stylistic and pragmatic purposes ^ 



9 



such as to fulfill the given--new contract (Haviland and 
C-lark 1974), If a speaker wished to enphasize the friend in 
the above exainple, przyjacielowi could be moved to the first 
position in tlie sentence with no other change. Likewiser 
any other word in the sentence could be placed' in first posi^ 
tion, and almost any other ordering of the four words is 
also possible. The literal meaning of the sentence would 
remain the same; only the pragmatic enphasis would change. 
In Engiishf of course, very few changes in word order are 
possible that do not also change the meaning of the sentence. 
But English has very few inflectional endings that indicate 
syntactic function^ 

intrasenterice concordance ru les , such as sub ject -verb 
agreement, are more numerous and more constraining in Polish 
than in English. In Polish , the subject noun must agr^^^ 
with the verb in ntin&er, person, and gender, and a noun andii 
adjective must agree in number , gender , and: case. The 
crucial role of suffixes in marking functions is observed in 
all language use situations: speaking, listening, writing, 
and reading. bistinctivG pronunciations of the suffixes 
constitute a major source of dialectal differences between 
social classes and geographical regions. 

These differences lead to an a^^metry in listehingy 
reading and speaking/writing between Polish and Englishi 
Since the word itself contains more explicitly marked syntac- 
tic information in Polish than in English, a reader/listeiher 
finds more information in isolated words in Polish than in 




English, For exarnpie, a Polish reader knows that Alic ja is 
a vSUb3ect of a sentencer ^ereas an English reader does not! 
know whether Alice is a subject, direct or indirect objeetr! 
or object of a preposition without seeing where it is 
located in a sentence. So the English reader is dependent 
on the linguistic context for word-order information/ 
whereas the Pblir^h reader can concentrate more directly bri 
each individual word. In contrast, a Polish speaker muist be 
more aware of the other words in the sentence than is an 
English speaker in order to insure the concordance con- 
straints. For example r the adjective and noun, B^^JL 
ksijzki^, "small book" ( feminine , singular> accusative case) 
must agree in riumberr gender, and case, so the speaker must 
select the noun before the correct ending can be determined 
for the adjective. So if the speaker had selected ^e&££ti 
"notebook" (masculine ) , instead, then the adjective would 
have to be changed to maJEy . At the level of morphology, the 
Polish speaker is more dependent on linguistic context than 
is the English speaker. . 

Thus^ we expect that Polish readers have developed read- 
ing strategies of attending not only to the semantic content 
of each wordy as an English reader would, but also to the 
word ending (cf. Przetacznikowa and Kielar 19 81 ) • ^ English 
readers would pay relatively less attention to the endings 
of words and relatively more to their position in the sen- v 
tence . Introducing a syntactic violation by changing the 
ending of a word so that-^it is a different part of speech. 
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we e3q>ected a relatively larger disruption of oral readini^ 
performance in Polish than in English. We also expected 
that the spread of disruption in English readers would be 
relatively wider than in Polish since English readers would 
atten5)t to use contextual information to resolve the viola- 
tibhs. Polish readers would have relatively narrower 
patterns of disruptions because they focus more on isolated 
words than do English readers. So Polish readers would have 
a more focused strategy, while English readers would have a 
more diffused strategy. 

We report here two experiments in Polish that were 
close replications of previously reported experiments in 
English (Danks et al. in press; Dahks and Hill i981). The 
manipulations, procedures, and analyses were kept as similar 
as possible although there were enough unavoidable diffef^" 
ences to prevent direct statistical comparison. Hence, only 
the patterns of results are con^sared. 

Method 

Materials. A story was selected from an American maga- 
zine about a high school girl who was injured severely when 
a train hit her school bus. The story was just over 2000 
words long and had a readability of 7i5 (Fry 1963)i Sixteen 
ciritical words spaced throughout the story were selected for; 
mahipulatibn . The story was translated into Polish with 
some adjustments to make it appropriate for Pbli sh reader s> 
e.g., names of characters? geographical names , and a few : 
cuiture-dependeht details were changed* A portion of th4 



story surrounding one of the critical words is shown in both: 
Polish andi English in Figure 1. The critical word isj 
potrgcona in Polish^ injured in English. The girl's mbtherj 
has just heard about the accident and is worried about her 
daughter. Lexicalr"between-synactic , within-syntactic , 
semantic r syntactic + iemanticr and factual information were 
violated in the critical words. ' 

Insert Figure 1 about here — 

(a) Iiexxcal . The lexical mahipu lation replaced the 
critical word with a pronounceable nohword^ that is ^ one 
that followed the orthographic rules of Polish or English. 
In the example in Figure Ir .i n liir e d wa s replaced with 
bruge n , and potrgc on a was replaced with pome r a na .In 
Poiishr the syntactic information in the suffix -a was appro- 
priate to the sentence context r in this case ^ the suf f ix 
indicated verb participle, or adjective, nominative case r 
feminine, singular . Because of the importance of morphologi- 
cal cues associated with Polish words, we attempted to manip- 
ulate only the lexical information so that the viblation^^^^ 
would be equivalent for Polish and English readers i in 
Polish, as in English, the syntactic relationships in the 
sentence were not distorted, although the syntactic struc- 
ture in English was hot reinforced since syntactic iaflecr; 
tions were hot added to the nonsense words. The "word" stem 
had ho meahihg ahd could not be located in the mental 
dictibhary . ._:^Thus , in both languages , if readers were^^^^^^^^^^ 
relying solely on phoneme-grapheme correspondences to render 




the print as speech^ there Would be no disruption of theirj 
oral productions with the lexical violations* However^ if 
the readers were accessing aritculatory information in their! 
mental dictionaries in order to pronounce the word ^ there 
would be a disruption before they uttered the word . Because 
the cognitive demands of the manipulations were similar in 
Polish and English^ we expected no differences betweeii 
Polish and English readers in this condition. 

(b) Between ^Syntactic , In the English language experi- 
ments f the .syntactic information was violated by changing 
the ending such that the part of speech of the critical word 
was changed to one clearly inappropriate for the sentenceV 
For exanple, the verb past participle injured was changed to 
the nominal form i n juf y ; Syntactic information might have i 
been distorted in English by alter ing the word order r *but 
the morphological manipulation was used to avoid involving 
more than. the critical w 

Given how syntactic information is represented morpho- 
logically in Polish/ two variants of the English syntactic 
manipulation were possible, in both variants the-ending was 
changed^ but in one case the part of speech was altered and r 
in the other there was a syntactic error within the same 
part of speech; In the formerr which we called "between^ 
syntactic f " the word ending was changed such that the part 
of speech changed , for examp ie / the pas t p a r t i c i p 1 e 
potr^coha vats chahgeS to a noun potracenle / "in jury • " 
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The aim of the between-syntactic violation was to deter'- 
mine to what extent syntactic information is involved in 
le'xical access and jLentence comprehension. If syntactic 
information is involved in lexical acceiss^ its violation 
should produce a disruption before the critical word was 
. uttered just as with th,e lexical violation. If it is 
involved in sentence comprehension, then the disruption 
would continue for some distance after the critical word was 
uttered. Although some semantic information is carried in 
syntactic categories, most of it comes from the root mbr- 
pheme. So the reader could determine the meaning intended 
for the sentence even when the syntactic information had 
been altered. Because of the heavy use of morphological 
information in Polish, we expected that the between- 
syntactic violation (and to a lesser extent the within- 
syntactic; cf . below) would have a greater effect somewhat 
earlier and to a greater extent on Polish readers than oh 
English readers. * 

(£) Within-Syn ta ctic. The second type of syntactic 
violation that is possible in Polish , we called "withiir^^]:^ ■ 
syntactic." In this case, the word endings were changed 
within the same part of speech, but gender, number, casej 
aiid/or tense relations were violated. For exanple, the verb? - 
participle po tr^coha , which marks feminine gender, was 
altered to p otrsconv / still a verb participle, but one thai- 
marks masculine gender^ In general, syntactic manipulations 
were easier to cons true t in Polish than in English, but the; ^ 



withih-syhtactic is especially difficult in English^ being 
limited to number and tense changes. ^ 

We compared the within-^syntac t i c change in Polish to 
the between -syntactic change in English^ but one must, be 
aware of the different types of syntactic information being 
manipulated in the two languages. We expected that the 
within-syntactic mahipulatiori would yield disruptions 
similar to the between-syntactic ones, except that they 
might be somewhat smaller and less extensive. Parts of 
speech are broader syntactic categories than those formed by 
within-syntactic information. The broader the class of 
information violated , the greater would be the size and 
extent of the disruption. ; 

(d) Semantic . Semantic information was violated by 
inserting into the sentence a semahtlcally anomalous wor^d^^^^^^^ 
that was the appropriate part of speech. For exanpl^ 
injured was replaced with planted and potr^cbna was replaced 
wx t fa p OS ad z o ha ^ "planted." Since syntactic information was 
hot distorted/ the reader could determine the grainh^ 
structure of the sentence |t but a semantic interpretation was 
much miore difficult if not impossible. At best only an 
implausible or metaphorical circumstance could be imagined. 
Since there were no apparent differences between Polish and 
English in imp len^ten ting the semantic manipulation, we did 
not e3^ect any major differences in the pattern of disrup- 
tions. . 
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(e) Syntactic Semantiig , Both syntactic and semantic 
information were distorted by replacing the critical word ' 
with one that was the incorrect part of speech and which was 
semahtically ahdmalous as well. For exampler if^ured was 
changed to iceberg y and potracoa^ was replaced wi th 
££ s a^ z^^Hi^ ' "the act of. planting. " In constructing the 
Polish violations^ the morphological changes of the between- 
syntactic violations were added to the roots used in the 
semantic violations . Hence, linguistically the Polish 
syntactic + semantic violations were more accurately a sum 
of the semantic and between-syntactic violations than were 
the English. 

With this manipulation we investigated whether syntac-T 
tic and semantic information were additive in their effects. 
Since we expected a difference between Polish and English 
with the between-syntactic violation ?r but not with the seman- 3 
tic r the relation between syntactic and semantic information 
could be assessed more accurately by comparing the effects 
across languages . . 
L ( f ) Fac^tual w As readers progress through a story they 

accumulate factual information about what is ha ppe n i ng in ; 
the story and construct an event sequence usin their knowl-r ■ 
edge about how things happen in the real w 
Nicholas and TraBassb 1979). This knowledge^ which we 
called "factual" information^ was violated by changing the ^ ; 
sentence precedihg the one with the critical word such that ■ j 
a factual inconsistency was produced when the critical word, ^^^^^^^^^^^^^r: 
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was encountered. The critical word itself was not altered 
and both sentences were syntactically and semantically 
hofmal. in the example ^ s^^ba was changed to S£lna> and 
weak was changed to s trong . if the daughter were strong^ 
the mother would not necessarily worry ^bout her beihg^ 
injured by the other children. 

We expected no difference between Polish and English 
readers with regard to the factual violation because process- 
ing this information is beyond any linguistic differences. 
Although there are discourse differences between Polish and 
English with respect to textual structure r -the factual repre- 
sentation of events should be similar. 

(£) Control. There also were control conditions in 
which there' was no change in the critical word or in the 
preceding sentence. This condition provided a base line for 
normal oral reading times* 

These conditions were combined in -two experiments in 
Polish. In Experiment 1/ lexical^ within-syntactic ^ syntac- ' 
tic + serhahtic/ and control were manipulated. in E^^eriment 
2, between-syntactic^ semantic^ factual ^ and control were 
manipulated. The English-language experin^nts have been 
reported in detail in Danks et al. (in press; cf. also Danks 
and Hill 1981) . Iri addition to control conditions in each 
experiment^ syntactic, semantic^ and factual were included 
in one experiment; lexical was included with syntactic + 
semantic and semantic in another; and syntactic + semantic 
was included with semantic and factual in a third experir- - 
ment . 



Because of some differences in wordings around^^^^^^^t 
critical words and even the story itself (the second 
English-language experiment used a different story), the 
English comparisons for the between-syntactic / semantic^ and 
factual conditions were taken from the first English experi- 
ment f lexical from the second, and syntactic + semantic from 
the third.. These experiments provided the closest available 
English-language comparisons for the two Polish experiments. 

In ail of the experiments, four versions of the story 
were constructed i Each of the four modifications occurr 
four times in each, versioh . The mariipulatibhs were count ef-; 
balanced across the 16 critical words and across versions 
such that each manipulation was applied once to each criti - 
cal word. The stories were divided into four approximately 
equal sections, each of which contained four critical words. 
In each sentence, each of the four manipulations occurred 
once. The stories were tjped such that the critical words 
did not occur near the beginnings or ends of lines, nor near 
the tops or bottoms of pages. 

S ub jec ta . The subjects in both Polish experiments were 
students at the University of Warsaw. Their native language 
was Poiishi The subjects in Es^eriment 1 were 35 women and 
5 men, who were residents of University dormitories and hone 
of whom were psychology ma jdrs . In Experiment 2 the sub- 
jects were 40 women^ majoring in psychology , but who were 
unfamiliar with the specific research and Its objectives. 
The subjects in each of the English experiments were 40 



undergraauates enrolled in general psychology at Kent State. 
University i 

Procedure. The procedure was identical in all of the 
experiments. Sub jects were tested individually .They were 
told the experiment was about reading comprehension and were 
asked to resad the story alcftid into a tape recorder. After 
each of the four sections/ they were asked to recall as much 
as possible about the story. The purpose of asking for 
recalls was simply to insure that the readers tried to 
understand what they were reading. The summaries were not 
scored for accuracy. Nothing was mentioned about the manipu- 
lations of the text. 

S£££4flg-and - analyses . in order to facilitate scoring 
around the critical words / the text was divided into five 
word-units beforfe and five word-units after each critical 
word. (In the first English experiment only four word-units 
were scored before the critical word.) These are indicated 
in Figure 1. Since the pronunciations of some words are 
physically joined , it is difficult, if not inpossibie ; to 
know iprecisely where one word ends and another begins i The 
specification of word-^units attempted to reflect this coarti- 
culatibh. 

The primary dependent variable was the production time 
for each of the word-units before and after the critical 
word as well as tfie time for the critical word itself. 
These times were obtained by slowing the tape to half -speed 
and pressing a key at the end of each word-unit. The time 



between key presses was measured oh a digital clock a.n^^^^^ 
divided by two to obtain real time ineas^ 

Reliabilities of the measurement of prod times 
were obtained by having two ekperiroenters measure eight sub-r 
jects in each Polish experiment. The cor relations Vbetweeh 
the exper imeHter s were 99 for ESperiment 1 and 0.92 for 
Experiment 2. in the second English experiment r similarly 
measured production times were conpared with measurements 
taken from speech spectrographs for eight subjects; The 
correlation was .91. Thus^ the procedure used to measure 
production tin^s was reliable. 

A second dependent variable was the kind of oral read- 
ing errors caused by the violations; These were such things 
as substitutions^ omissionsr additions^ mispronunciations r 
regressions and hesitations. The probability of making ah 
error confirmed the production time results as well as pro- 
vided a qualitative indication of the readers' oral perform- 
ances in the neighborhood of the critical words. 

The production times in all experiments were analyzed 
with a four -way Latin-square analysis of variance with ver- 
sions as a between-subject variable and viblationSr sec- 
tions^ and word-unit positions as within-subject variables; 
ftii effects were tested agaihst subject and critical-word 
error variances using a quasi-F (Clark 1973 ); The effect of 
primary interest was the interaction between violations and 
word-unit positions. Planned conparisdns were conducted at 
each word-unit position between each violation condition and 



the control. All reported effects were significant with a 
probability of .05 or less. 

Results 

Overall result s^ . This mean production times for each 
manipulation at each word-unit position are presented in; 
Table 1. In both Polish (experiments, the main effect of 
violation type and the interaction of violation type with 
word-unit position were significant: Experiment 1 , viola- 
tion type r F (3r 24) = 25 . OG , violation type by word-unit 
pbsitiohf F (3, 240) = 10.15; E3^eriinent 2, violation type, 
F (3, 24 ) = 38 . 53 , violation type by word-unit position, 
F (3, 240) = 8,91i As shomt in the last column of Table 1, 
all violation types were significantly different from their 
controls. 

-• ~ Insert Table 1 about here 

We now discuss each of the violation types by evaiuat- 
ing the points at which the violations prd'duced significant- 
ly longer production times- These differences are presented 
in Figures 2, 3, 4, and 5. The English-language results are 
included in the figures for comparison. 

Between-Synt ac txc , The production time disruption 
curves for the between -syntactic violations are presented in 
Figure 2. In Polish the between-syntactic violation pro- 
duced a significant disruption beginning at word-unit -1 
that continued through word-unit +2 with a peak during the 
critical word. In contrast^ a between-syntactic violation 
in English did not have an effect until the critical word. 



one word-unit after the Polish effect began i Polish re ad^^ 
were disrupted earliei than were English readers by the 
be tween-syh tactic violation • This result was as expected 
based on the fact that Polish suffixes are n^re informati 
than are English. Polish readers apparently attended more 
to the wor d ^^^^ e ng s so the ir reading comprehension pro- 
cesses we're disrupted more by a violation present in those 
endings. 

Insert Figure 2 about here . 

The kinds of oral reading errors coinmit£ed at the criti- 
cal word were qualitatively different, in English, 50% of 
the oral reading errors at the critical word were restora- 
tions of the original form, e.g., injured was uttered in- 
stead of injury . Of these restorations, 68% were fluent in 
that there was no hesitation or other disruption immediately 
before or during the critical word. (This result is consis- 
tent with the fluent restorations obtained in a speech- 
shadowing task by Marsleh-Wi Isoh 1975 ). English readers 
apparently used top-down contextual information to locate 
the critical word in their mental dictionary such that 
identification of the original critical word occurred before 
the printed form was completely processed. In Polish^ only 
9% of the oral reading errors wiere substitutions of any 
sort, including restorations. If Polish readers were 
attending closely to the ends of words, then they would be 
more likely to notice the syntactic violations before top- 
down contextual information could restore the priginal 



critical word. Thus^ there were more pauses iirimediately 
before the critical word in Polish than in English (46% vsi 
33%) as Polish z-eaders hesitated before utter ihg wha^t^^^ 
printed . The differences in the types of oral reading- 
errors support the conclusion that Polish readers attacked 
the printed word differently than did English readers . ^ 

Within-Syntactic . The disruptibn curve for the ^P 
within-syntactic violation is shown also in Figure 2. The 
differences in production times resulting from the within- 
syntactic violation in Polish differed from the control only 
at the critical word and at word-unit +1, with a peak at the 
critical word. This pattern was clearly different from the 
between-syntactic curve in Polish in that it was much 
smaller in height and breadth; In comparison with the 
English between-syntactic disruption it was one word-unit 
shorter. 

The wi thih-syntactic violation violated fewer linguis- 
tic distinctions than did the be tween-synt act id . Since 
Polish readers needed to make fewer repairs to determine 
what was meant by the sentence^ we expected that the within- 
syntactic violation would be less disruptive. A more recent- 
ly completed English-language study (banks 1982b) used a 
somewhat dif f erent das ign to compare between- and within- 
syntactic violations in English. In contrast to Polish, the 
between- and within-syntactic disruption patterns were very 
similar The within-syntactic violation produced the same 
magnitude of disruption in Polish as both between- and 
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within-syntactic did in English. English readers apparently 
treated all syntactic violations more or less equivaientiy^ 
whereas Polish readers were sensitive to the degree of 
linguis tic violation . These later English results also 
confirm that it is reasonable to use the English between- 
syntactic disrupt ion curve for comparison with the Polish 
within-syntactic . 

The number and pattern of oral reading errors was very 
similar for Polish within-syntactic and Ehg lis 
syntactic • However 9 they were distributed quite differently ; 
in Polish^ only 15% were substitutions including restora- 
tions of the critical word, in contrast to 50% in English. 
But there 49% hestitatiohs at the critical word in Polish 
and only 33% in English.. As with the between-syntactic 
violation, Polish readers were sensitive to the printed form 
of the critical word so that the within-syntactic violation 
was not restored. 

The linguistic difference between the between-syntactic 
and within-syntactic violations in Polish also was reflected 
by the number of letters changed for each type of violation. 
An average of 3.8 letters were changed to produce the 
between-syntactic viol at ion and only 1.8 letters were 
changed for the within-syntactic. in the recent English- : 
language experiment, the average number of letters changed 
was 3i4 for the betweeh-syntaetie and 2.3 for the withih- 
syntactic violations. However^ a difference between the 
Polish and English violations of less than one letter would 



not appear to be large enough to explain the result that 
there was no between-wi thin-syntactic difference in English 
and a very large difference in Polish. 

Semantic , The disruption curves for the semantic viola- 
tion are shown in the upper panel of Pigur.e 3, In Polish 
the semantic violation produced a difference in production 
Jl^t i me s beginning at word-unit -1 that continued through word- 
unit +2. in English, the differences were significant begin- 
ning at the critical word and cbntlhuing through word-unit 
+3. The difference at word unit -1 missed being sighificaiit 
by 9 msec. Both Polish and English curves had peaks at the 
critical word and word-unit +i. .: 

Insert Figure 3 about here — 

The pattern of the semantic disruptions were nearly the 
same in Polish and English (although the English was not 
significant at word-unit -1)/ but the English distribution 
continued for one word-unit longer. The Polish curve was 
higher than the English, but the shapes were guite similar. 
The slightly greater breadth of the English disruption 
supported the linguistic analysis that English readers were 
more dependent on linguistic context to determine the sense 
of a sentence r whereas Polish readers focused a bit more on 
individual words. 

Synt ac t ic + Semantic . The production time disruption 
curves for the syntactic + semantic violations are shown in 
Figure 4. Syntactic here means a between-syntactic viola- 
tion for both languages. Both Polish and English syntactic 



+ semantic violations produced significant differences from 
the control conditions beginning at wbrd-unit -1 With peaks 
at the critical word. The English disruption was signifl 
cant through word-unit +3, but the Polish was significant 
only through word-unit +2 • 

— insert Piqute 4 about here— - - 

The peaks of both curves were considerably higher, 
especially for Polish, than either the between-syntactic or 
semantic peaks separately/ but were not as high as their sum. 
Such a result would be expected when two related sources of 
information were violated because the reader would have more 
difficulty in making the necessary repairs. But the informa- 
tion sources were not completely independent because the 
disruptions were hot additive, or possibly the processes 
using each information type operated in parallel. The 
Polish curve was hot as broad as the English^ similar to the 
syntactic curves, supporting the cohciusibh that Polish 
readers were more focused on individual words and sensitive 
to word endings. 

£ exical . The production time disruption curves for the 
lexical violation are shown in Figure 5. Both Polish and 
English disrupt ion curves from the lexical violation were 
signif icartiy different from the control beginni:ag at the 
critical word and continuing to word-unit +1 in Polish and 
to word-unit +2 in English. The curve was a bit sharper, or 
more peaked, in Polish than in English^ As with the other . 
cases of sharpening, we attribute this difference to the 



fact that Polish words are more self-contained in marking 
syntactic information , so the Polish reader can fdciis on 
individual words more directly* Also in Polish the iexicai 
vio la t ion explicitly preserved syntactic Inf orfiatibn through 
appropriate morphology. In English it was only imp lie it in 
the. word order • This dif Ference/ one which results n 
iy from the different modes of linguist ic representation / 
may have contributed to the sharpening in Polish, 
-—-insert Figure 5 about here 

For both Polish and English/ the lexical disruption was 
two word-units shorter than the corresp>bhdihg semantic dis-^ 
ruption. The semantic violation was an obvious anomaly th^t 
had to be resbived. The lexical violation was a nonsense 
word with no established conventional meaning. Thus, once 
readers realized that it was not a real word, or at least 
one that they did not know, they wcire free to infer an appro- 
priate meaning from the sentential context. Since the seman- 
tic violation was a real word with definite meaning to be 
Integrated with the other meanings in the sentence/ what the 
sentence meant as a whole could not be determined easily. 
More of the sentence had to be processed in an attempt to 
resolve the semantic anomaly; whereas with the nonsense 
word, readers could devise a plausible meaning for the word 
and continue. . 

Factual . The production time disruption curves result- 
ing from the factual violations are shown in the bottom 
panel of Figure 3. The factual disruption in Polish ^was 



significantly different from the control when averaged 
across ail word-unit positions (cf i Table iX. However r it 
was not significantly different at any single word-unit p^^ 
tibn although the increase at vrard-unit +1 missei sig-r 
nificant by only 15 msec. The Engiisfi curve was significant-' 
ly different at word-units +1 and +3 (but not at word-unit 
+2). The fact that the English curve continued longer than 
the Polish reflects a strategy of English readers in^ which 
they attempt to use information following the critical word 
to attempt to resolve the factual inconsistency more than do 
Polish readers. 

No involvement of factual infofmatiori in lexical access 
has been found for English readers (Danks et al. in press; 
Danics and Hill 1981). There evidently was none for Polish 
readers either because the factual disruption was delayed 
relative to the lexical violation and the uttering of the 
critical word itself. 

Other experiments (Danks 1982b) have shown that factual 
vlbiatiohs are most disruptive at the clause boundary f biiow- 
ing the critical wordi It is possible that during trahsia- 
tioh the clause boundaries were altered sighificahtlyr but 
such was not the case. The clause boundary was located ah 
average of 1. 81 word-units after the critical word in the 
English text and 1.69 word-units after in the Polish text. 
It is also possible that the distance between the inconsis- 
tent material iii the preceding sentence and the critical 
word was altered during translation. This possibility also 



did not occur: iri English the distance averaged 7 . 7 5 words 
and iri Polish 7.06 words. Based bri our intuitions about the 
factual vidiations gained through cdristructing the storiesr 
we think that factual vidiations would be the mos 
ble to iricomparabilities due to the ^ufatlies of translation. 
However ^ we have been unable to document any basis for that 
intuition. 7— 

( Based Oil these results we can identify two complement 

tary reading strategieis — a focused strategy and a diffused 
strategy. Although a focused strategy was used more by 
Polish readers and a diffused by English r the use of each 
strategy was controlled by rsore than just language differ- 
ences. With a focused strategyr the reader attends to a 
relatively harrow portion of the text, perhaps only a few 
letters. The "perceptual window" itself probably does not 
change iri size (McCohkie arid Zola 1981) r but attention is 
more sharply focused. The reader would adopt such a strat- 
egy in situatidris where irifdrmation is concentrated in a 
riilatively narrow portion of the text. In Pclishr syntactic 
information is concentrated in the letters at the end of 
each word. Polish readers need information about the case 
relations of nouns and adjectives, properties of verbs , and 
government relations between adjectives, riourisr verbs, 
adverbs, and prepositions. The syntactic information can be 
determined solely from the word eridihg without even access- 
ing the word in the mental dictionary. While learning to 



raadr Polish readers would develop a- focused strategy 
because most syntactic information is concentrated. This 
strategy is not absolute ndir rigidly used ail o 
but rather Is a habit adopted for its heuristic value. 
English readers would tend not to use su.ch a strategy 
because linguist ic information is distributed more broadly 
in English text, but in appropriate circumstances , English 
readers might find a focused strategy valuable; 

, With a diffused strategy; in contrast, the reader 
assimilates information from a much broader portion of the 
text, perhaps spanning several eye fixations. Such a strat- 
egy would be functional when the information in the text is 
distributed over several words. Such is the case with 
English syntax. It is based primarily on the ordering of 
word classes. The syntactic ihforihatioh associated with 
each word in the mental dictionary must be related to that ; 
of the surrounding words. So in English r In contrast to 
Polish, processing syntactic information would be facili- 
tated by a diffused strategy. - 

The largest differences between the Polish and English 
results were from the syntactic violations. Polash readers 
were v/^ry sensitive to the violation of syntactic informa- 
tion. There was a higher between-syntactic peak in Polish ^ 
fewer res torat ions of the critical V76rd, an3 a sensitivity 
to V7hether between- or within-syntactic information waS; vio- 
lated . Polish readers attended m^ the word 
endings and the information ishcoded thereV reflecting their 
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general adoption of a focused strategy. English readers in I 
contrast showed a irore diffused strategy^ 

beterinining the meaning of a sentence requires the inter-^ 
gration of the word meanings. Since several words have to 
Be accessed before such integration can begin, a diffused' 
strategy is functional for processing semantic information. 
This is the case for both Polish arid English readers because 
the distribution of semantic information is quite similar, 
especially with the close translation of the story used in 
these experiments. k diffused strategy does not require 
that semantic processing be delayed until the clause bound- 
ary, however, thlereby precluding word-by-word processing 
(Marsleh-Wilsbn, Tyler and Seidenberg 1978 ) . It is only : 
that several words are needed before a meaningful representa- 
tion can be constructed. 

The semantic violation should reveal the diffused strat- 
egy in both Polish and English readers, and it did because 
the shapes of the curves were similar. Although the peak of 
the Polish disruption was higher than in English, more strik- 
ing was the similarity of the flattened peaks on both 
curves; plateaus were formed between the critical word: and 
word-unit +1. This flattening was not produced by any other 
violation and reflected a diffused strategy in both Polish 
and English readers in specific response to the violation of 
semantic information. Polish readers did not show a focused 
strategy here^ecause ^appropriate syntactic information was 
present. Rather they were faced with the same problem as 
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were the English readers ^ namely ^ how to integrate the ahoma- 
ious semantic information with the remainder of the sentence. 
Hence^ a diffused strategy was evident in both language 
groups. 

The results of the syntactic + semantic^ violation also 
were consistent with this view. Both strategies were evi- 
dent because both between -syntactic and semantic information 
were violated. The between-syntactic and semantic violation 
produced a larger ^ more focused disruption in Polish readers 
and the semantic violation produced a longer ^ more diffused 
disruption in English readers. 

eomparisoh of the lexical disruptions is more problem- 
atic than the other violations because the violations were 
implemented in somewhat different ways in Polish arid English. 
In Polish completely appropriate syntactic endings were 
affixed to the nonsense words. In Engiishr ho syntacstic 
endings were added^ but word order still provided some 
syntactic information. However r providing the syntactically 
apprdpriate endings in Polish may have caused Polish readers 
to believe that the nonsense words were real^ albeit 
infrequentf words. The syntactic endings made them look 
more like real words than did the English ones. If so^ then 
Polish readers may have persisted longer searching for the 
word in their mental dictionaries. Even in English ^ having 
a string of nonsense words marked with appropriate syntactic 
endings makes them seem more like a sentence and easier to 
learn (Epstein 1961^ 1962). Such an effect probably would 
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be even stronger in Polish- A second difference between the 
lexical manipulations was that the English results came from 
an experiment that used a very different story than the one 
translated into Polish. This other story was abstract r meta- 
phoricalr and quite difficult to fbilowr so that the disrup- 
tions related to meaning violations (including lexical) were 
attenuated (banks et al. in press). 

Even with these qualifications r the disruption curves 
from the lexical violations showed some aspects of the 
focused and diffused strategies- The higher peak indicated 
that Polish readers were relatively more focused in their 
attempts to locate a meaning for the nonsense word in their 
mental dictionaries- English readers appeared to be more 
diffused in searching for information about the nonsense 
word's meaning in the rest of the sentence since their 
disruption was larger - 

The disruptions from the factual violations also illus- 
trated a focused strategy for Polish readers and a diffused 
strategy for English readers. There was an increase in 
production times in Polish near the critical word indicating 
a more focused strategy. The English disruption was later 
reflecting the gathering of information from a broader por- 
tion of the sentence. ThuSr even with the factual violas 
tibSr which involved integration of information between two 
sentences, focused and diffused strategies were evident. 
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We have emphasized the differences between Polish and 
English in our discussion^ but one should hot overlook the 
similarities in the two sets of results. All violations 
produced disruptions in both languages. Furthermore^ the 
general shapes of the disruption curves were quite simi- 
lar, e.g., the flattening of the semantic disruptions. With- 
in each language, the ordering of the magnitudes of the dis- 
ruptions, from syntactic + semantic being the largest to 
factual being the smallest, was virtually identical. The 
Polish disruptions were generally higher, but that was not 
true in every case, e.g., the within-syntactic and factual 
disruptions. These general similarities then provide 
support for the general interactive model of reading 
comprehension (banks et al. in press; banks and Hill 1981) 
using Polish, a language that represents syntactic informa- 
tion quite differently than English. The linguistic differ- 
ences led to predictable differences in results base! on the 
model. 

A central property of this model is that readers use 
information — of whatever type — as soon as it becomes 
available to construct a representation of the text. In 
Polish and English, syntactic information becomes available 
at different times because of how it is encoded. So Polish 
and English languages present different sorts of problems 
for readers. They make different demands on the cognitive 
processing system. Differences in processing are expiicabie 
in terms of the differences in cognitive demands. Adams 
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(1980) and Stanovich (1980) have argUed that readers attempt 
to compensate for inadequate processing skills by en5>hasiz- 
ing those skills that they have. In our case^ it was not 
differences in processing skills that resulted in the differ^ 
ent strategies between Polish and English readers, but the 
differential availability of linguistic information. 

Polish readers did not employ an exclusively focused 
strategy nor did English readers employ an exclusively 
diffused one , but ail readers adapted their reading 
strategies to the information available. Thus, skilled 
readers of Polish and English have developed somewhat 
different reading strategies in the course of learning to 
read. These strategies represent a general orientation 
toward reading comprehension and are not con^letely fixed. 
The strategies can be modified to match the heeds of 
specific situations, e.g., the tendency toward a diffused 
strategy in Polish readers when they encountered a semantic 
violation. These differences represent an example of thes 
flexibility of processing capabilities. The basic structure 
of the reading process appeared to be quite similar for 
Polish and English readers, involving lexical access, 
sentence comprehension, and discourse understanding compo- 
nents. However, how these processes operated depended on 
the information available to the components and the form 
that the information took in print. 
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The linguistic differences between Polish arid English 
lead to predictable differences in two other areas. The 
tendency to be sensitive to syntactic morphemes also has 
been observed in Polish studies on word assdciatioh (Kurcz 
1966, 1967). Since all Polish nouris and adjectives must be 
marked for gender , riumber', and case, even isolated stimulus 
words, especially adjectives, must be so marked. Typical 
word association studies use nominative case and singular 
number for stimuli, and usually masculine gender. However, 
in one study (kurcz unpublished) , different groups of 
subjects received adjectives marked for different genders, 
e.g., "white." Of the word associa- 

tion responses, 95% to 99% agreed with the stimulus in 
gender. These percentages combined paradigmatic (another 
adjective) and syntagmatie (a noun) responses. Isolated 
Polish words are more sp>ecifie than English. For example, 
bia^e does hot refer to just anything white, but something 
white of neuter gender. So biajre could modify winb ("wirie," 
neuter), but not ^hieg ("snow," masculine). In Polish word 
association studies (Kurcz 1966, 1967), there was a stronger 
tendency toward syritagmatic responses than in American norms 
(Russell and Jenkins 1954): 41% in Polish versus only 18% 
in American norms, in which paradigmatic responses predomin- 
ate (82%, cf. Rosenweig 1961). The syntactic markers 
required of Polish words even in isolation provoke more 
syntagmatie responses , concordant in gender, nunSber and 
case. 
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Another area in which linguistic differences between 
Polish aha English have proven illuminating is early lan- 
guage acquisition. Studies of children learhing English 
have found that young children are especially sensitive to 
word order; inflections are learned much later (Birdwn 1973 ). 
However r studies of chiTdren learning Polish (Shugar 1977; 
SmoczySsfca in press) have found that young children in the 
two-word stage use many syntactic inflections appropriately. 
For example r they acquire the dative relatively early 
because it is used in giving and receiving: Da dzid z i , 
"give babyr" (-"A a correct dative ending). in contrast 
to English children r Polish chiidreh pay relatively less 
attention to word order. Polish chiidreh adopt language 
acquisition strategies that are appropriate for the way 
syntactic information is encoded in Polish. Thusjr 
Smoczynska (in press) has argued that there are very few 
universal operating principles (Slobin 1973 ) ^ but many 
language specific strategies for language acquisition. 

These studies as well as the ones reported here illus- 
trate the necessity for testing psycholinguistic models in 
several languages. Most psycholinguistic research in the 
past couple of decades has been on English. However r many 
of the conclusions derived from that work may be language 
specific. With additional comparative studies^ we can con- 
struct more general models of language processing. 
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Table 1 

Meaii Production ;Tinies as a Function of Violation Type and 
Word-Unit Position in the Two Polish Experiniehts 

-KorMnlt^Posltion ~~" 



-5 -4 -3 'I -1 



^ +1 +2 +3 +4 . +5 Mean 



Control 

Within- 
Syntactic 



Lexical 



Experiment 1 

528 530 507 567 461 517 595 465 478 495 454 509 
586 '562 522 599 517 1266* 827* 519 453 547 499 627* 



Syntactic + 518 497 512 659 764*2179*1193* 697*638 611 634 890* 
Semantic 



'621 552 -489 567" 629 1853* 913* 572 589 456 609 714* 



control 

Between- 
Syntactic 

Semantic 

Factual 



Experiment 2 
606 55i 541 631 463 523 631 
625, 564 590 581 885* 1688* 1068* 



484 569 554 554 555 
814* 701 621 544 789* 



630 570 552 651 737* 1164* 1264* 700* 613 643 600 739* 
565 565 588 631 459 625 799 499 556 621 555 586* 



*Experimental violation type was significantly different from its control at p < 05 
using a JISq comprised of both subject and critical word variances. 
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Figure Captions 

Figure 1. A san^ie portion of the Polish and English 
texts surrounding the critical words potrgcona and injured. 
The word-unit positions are indicated. 

Fiigure 2. Differences in mean production .times between 

. _ nf ■_ . .• 

the syntactic violations and their controls. 

Figure 3. Differences in mean production times between 
the semantic and factual violations and their controls / 

Figure 4. Differences in mean production times between 
the syntactic + semantic violation and and its coiitrol^ 

Figure 5. Differences in mean production times between 
the lexical violation and its control. 
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ABSTRACT 

Memory and metaihembry processes were compared by intrp- . 
ducing an idea unit rarflcihg task to prose text adapted to depth 
of processing and cogjiitive effort theories* Depth of proces- 
sing was operatiohalized through fluencyi concreteness, and 
c ate gory-re late dness instructions. Cognitive effort was man- 
ipulated through text organization: matched-to-task (easy) , 
scrambled (difficult), and narrative organizations. Propor- 
tion recalled (memory) and proportion estimated recall (meta- 
memory) for each idea unit level comprised the primary depend- 
ent measures. Depth of processing was successfully extended : 
to both prose memory and metamemoryi Cognitive effort was 
not, since easy matched and difficult scrambled organizations 
were equivalent i Recalling passages provided additional infor- 
mation to increase the accuracy of metamembry estimations. 
Metamemory (estimation) patterns in general echoed those of 
memory (recall). 
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We are often aware of our capa5ities and limitations ih 
gathering information. We may know, for example, that it is 
, easier to remember three unrelated items than to remember ten* 
or that it is easier to multiply three digit numbers with paper 
and pencil than in our heads, or that our oldest son is more 
capable in Arithmetic while oUr youngest is better in English. 
•Our knowledge about our own and others' cognitive processing 
capabilities can be broadly defined as metaeoghition (Flavell, 
1979). According to recent taxonomies (Brown, 1977; Flavell, 
1979?- Flavell, 1981; Paris, 1978) , . metacognition includes both 
our internal representation of abilities (metacognitive know- 
ledge) as well as our ongoing monitoring of cognitive processes 
(metacognitive processing) . In contrast to theories and research 
in cognitive information processing which describe the ongoing 
flow of processing from input to output, metacognition examines 
a person's understanding and monitoring of this information 
as it influences his/her and others' cognitive performances. 

Metamemory, or knowledge about one's own memory, has re- 
ceived the greatest attention in recent research, however. 
Metamemory, like metacognition, consists of both metamemory 
knowledge and memory monitoring (Wellman, 1977). Metamemory 
knowledge entails general facts known about the characteristic 
properties of memory, for example, that a person can remember 
short lists better than long ones. In contrast, the ongoing 
internal judgments, attributions, and assessments that a person 
makes about specific items in memory is called memory monitoring. 
Memory monitoring, in the form of estimations about memory, 
is the type of metamemory assessed in the present study. 
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Memoiry monitoring and its predictive utility for recog- 
nition success was first examined by Hart {19^5$ 1967) • Pol- 
lowing an analogue of Brown McNeill *s (±966) tip-of -the- tongue 
experiments i Hart asked adult. subjects to estimate from un- 
recalled items ^ those they believed they could recognize. 
He found subjects were able to predict both recognition failure 
and success quite accurately for unretrieved items. By far, 
the bulk of memory monitoring, as well as metamembry research 
in general, has been developmental in nature, fbcUsed mostly 
on differences between children and adults, on production 
versus mediation deficiencies, and on demonstrations of how 
teaching effective mnemonic strategies can yield increments 
in performance in problem solving (Brown, 1977; Brown & Be- • 
Loache, 1977; Brown & Smiley, 1977; Flavell, I98I; Keniston 
& Flavell, 1979; Markmah, I98I; Yusseh.& Paquette, 1978). 

Tha majority of literature in meta-processihg has yet 
to connect itself explicitly with the vast theoretical founda- 
tions in cognitive information fjrocessing. Few researchers 
have noted the possible connections between the ihemdry theories 
which guide their investigations and metamemory. Only one 
study to date (Yusseh & Paquette, 1978) has attempted such 
a comparison by using the constructivist paradigms of Bransford 
and Franks (1971) and Paris and Carter (1973). However, their 
interest was in developmental differences between children 
• and adults' predictions of unrelated versus related sentences, 
not in theoretical explorations" of metamemory per se. One 
further study (Cavanaugh & Borkowski, I98D) has attempted 
multiple memory-metamemory comparisons * but it did not test 
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specific cognitive theories by comparing aiid manipulating 
relevant variables 6 

Traditional memory and metamainory explanations are not 
necessarily diametrically opposed. Rather^ differences in ' 
recall could be the result of both mechanisms. Separate 
analyses of memory and liietamemory processes would clarify 
the role each plays in a general characterization of memory. 
This investigation made use of such separate analyses with 
the assumption that metamemory and memory phenomena are not 
isomorphic. Sometimes there is reciprocity between them and 
sometimes not. Memory processing could influence metamemory 
experience and the monitoring of memory input. In turn, ex- 
periences and monitoring could result in control over ongoing 
memory processing. 

Metamemory, in the form of memory mohitoring was con- 
ceived within a processing framework i In this scheme, meta- 
memory is a higher-order flexible process, one which monitors 
and controls lower-order memory processes i ^ In this sense, 
metamemory becomes an executive processor (Brown & DeBoaehe, 
3:977) that functions as an intentional regulator and generator 
of lower-order routines (Brown, 1977). The central processor 
not only receives and evaluates memory input, but in addition 
controls the flow of that information through the cognitive 
system. 

The interdependence and divergence of memory and metamemory 
processes was examined in this study using prose materials. 
In prose, main themes abstracted from text could influence 
the feeling of knowir>g and ongoing memory monitoring of the 
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text itself. Baker (1979) t for example, examined adult sub- 
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jects* comprehension monitoring of text which contained various 
confusions. Although subjects reported the existence of few 
confusions, BaOcer discovered that poor recall of confusions 
was due to subjects' rapid application of cognitive strategies 



to resolve them, 
the existence of 
cognitive proces 



The intention of the research reported here was twofold: 



~F ir s t e x is t ing 
tools to explore 
iatihg factors d 
memory framework 
and some of its 
theoretical vari 
memory, not only 



In this case, failure in metamemory (reporting 
confusions) was due to rapid resolution in 
sing. 



cognitive theories^were-used~as- method 
memory-metamemory connections. By manipu- 
22:ived from these theories in a memory-meta- 
, metamemory processing can be investigated 



characteristics established i If the manipulated 
.p.ble shows identical results in memory and meta- 
is the theory extended to include metamemory 
processing, but in addition new information is learned about 
metamemory itself .\ If different results are registered in 
memory and metamemoDry measures, th'en these results delineate 
limits of the manip\Alated theory as well as showing qualita- 
tive differences in 'memory-metamemory processes. Although 
hundreds of theoretiqal cognitive variables potentially could 
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be manipulated in this way, two were chosen because of the pos- 
sible interrelationships between them: levels of processing 
and cognitive effort. Manipulation of these theoretical variables 
represents a first attempt to flesch out the metamemory proces- 
sing system. 

In addition, a second consideration motivating this research 
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was to Introduce these two established variables to prose 
material. Although itietamembry for prose has been studied 
(Baker, 1979; Brown & Smiley, 1977) and although levels of 
processing has been manipulated in prose (Schallert, 197^ )f 
simultaneous examination of both levels and effort on prose 
memory and metamembry has not been tested. 

Recall of Prose; Depth of Process4ng versus Cognitive Effort 

Depth of processing, formally introduced by Craik and 
liocfchart (1972), refers to a series of hierarchic cognitive 
processes applied to stimulus input, ranging from "shallow- 
structural analyses to "deeper," more elaborate semantic op- 
erations. Although recent research has contraindicated some 
of its notions (Baddeley, 197S; Craik & Tulving, 1975; Nelson, 
1977). empirical results in general have supported the hypo- 
thesis of semantic levels of analyses leading to better reten- 
tion than shallow perceptual levels for words (Craik & Tulving, 
1975) and for sentences (Mistler-Lachman, 197^f 1975). 

For prose text, Dooling and Christiaansen (1977) discussed 
the implications of depth of processing for a eonstruetivist 
orientation. The fact that main ideas lead to better recall 
than details in prose carries an implicit levels flavor. 

One major study (Schallert, 197^) has examined prose recall 
under different levels of processing. Schallert manipulated 
depth of processing by having subjects examine ambiguous text 
under different task instructions. Subjects counted either 
four-letter words or pronouns, rated the degree of ambiguity 
of the text, or read the text for later recall. She found 



34Q 



that the number of idea units recalled varied directly with 
depth of processing. Shallow tasks (counting words and pro- 
nouns) led to worse recall than deep tasks (rating for ambi- 
guity and intentional recall) i 

One difficulty with Schallert's manipulations was that she 
varied both the units processed as well as the depth of proces- 
sing. "Unit" refers to the input chunk of processing specified 
by the task (letter f word , sentence , • or paragraph)., . and. .v.depth"-.. 
refers to the type of processing operation applied (structural, 
phonemic, or semantic). In Schallert's experiment, units and 
depth were confounded, such that subjects receiving shallow 
instructions (counting) examined word units, and subjects 
receiving deep instructions (ambiguity ratings) examined whole 
text. Processing operations at different depths should be ap- 
plicable to units of a variety of sizes* A continuum of oper- 
ations can be applied at any chunk unit, be it word, sentence, 
or paragraph. 

The present research chose an intermediate-sized, more 
abstract unit for prose, an idea unit (Johnson, 1970). Idea 
units are parts of or whole sentences which express only one 
complete idea. Idea units were written as complete sentences 
in the present experiment i Subjects ordered all sets of idea 
units according to a specified criterion. Hence, all idea units 
had to be processed equally i The present experiment extended 
the generality of the depth of processing framework by ana- 
lyzing sentence idea units in text. 

These idea units were to be analyzed according to one 

347 



10 

of three task instruction criteria! fiuehcy (shallow), con- 
creteness (intermediate), or category-relatedhess (deep) 
processing. Category processing has "been found to he an effec- • 
tive orienting task with wordi, enhancing recall over phonemic 
and rhyming tasks (Craik & Tulving, .1975) i Intermediate rhyming 
tasks, however, have "been prohlematic since task focus is 
directed only at word endings (Nelson, 1977) * For sentence 
idea units in text, varying task depths were constructed intuit- 
ively, so as to be applicable to this larger unit of analysis. 
- Instead, of processing words according to their relatedness to 
a category, idea units in tei-:t were processed in terms of 
the text's category topic, which itself was highly delated 
to the text's thematic title. In the same wayi an intermediate 
depth was defined by directing processing towards idea units' 
concreteness in the world. A shallow depth was determined by 
a criterion that focused processing on fluency Characteristics! 
of idea units. Whereas the fluency task examined how easily 
sentence idea units flowed in speech and reading, concreteness 
tasks examined how easily the idea units were visualized or 
connected to the real world. In contrast, deep category-re- 
latedhess tasks required the greatest degree of semantic proces- 
sing — relatedness to its category topic. Subjects sorted all 
sentence idea Units into three groups within each task depth- 
low, medium, and high (fluency, concreteness, or eategory-re- 
iatedness). Hence idea units were sealed within each particular 
task instruction depth. 

To ferret out the effects of depth of. processing on text 

o ; . :.;34s,:,,^ , 
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comprehension and recall ^ cognitive effort was introduced by- 
varying idea unit organization* Effort has been_ def in as 
"the amount of the available processing capacity of the limited 
capacity central processor utilized in performing an informa- 
tion-processing tasB:" (Tyler I Hertelp McCalluiri, & Ellis, 1979 r 
p. 608). In Tyler et al.'s experiment, the effort notion was 
tested within a depth of processing framework^ using anagram 
and sentence completion materials as representative of shallow 
and deep levels respectively. Within each level, low effort 
(easy) and high effort (difficult) materials were manipulated. 
Cognitive effort was monitored through a secondary tone detec- 
tion taski Both effort and task depth produced differential 
recall i High effort, difficult materials increased recall 
over low effort, easy materials. Deeper levels of processing 
showed an advantage in recall over shallow levels. General 
results depicted no interaction between effort and depth of 
processing. Probe (tone) reaction time reflected differences 
in effort but not in depth of processing. 

Tyler et al.'s procedure split effort into easy and dif- 
ficult materials within each depth. Analogously, the present 
study varied effort within each task depth tfurough how the 
idea units were organized in presentation to subjects i Easy 

■ati 

organizations were those that matched the task criterion. 
For example, a levels task in which units were ordered in terms 
of the fluency of their expression was termed "easy" if the input 
idea units were already pre-organized from most to least fluent. 
"Difficult" effort was required when the idea units were presented 
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in random scrambled orders because they bore no obvious relation 
between the order and task criterion^ A third organization 
presented the text in its original narrative order. How much 
effort narrative order might require was uncertain because of 
contrary influences* More effort might result because the sub- 
jects would have to break down the narrative organization so 
that the task cxriterlon could be met. On the other hand, less 
effort might be needed because initial reading would be easier 
(Kintsch, Kozminsky, Streby, McKoon, & Keenan, 1975; Stein & 
Nezworski, 1978). ' 

In sum, different idea unit organizations were high or low 
in cognitive effort depending on the task. Difficult, high • 
effort i scrambled organizations resulted when subjects had to 
sift through disorganized information in order to meet the task 
requirements. Easy, low effort, matched organizations resulted 
when idea unit ordering matched the task requirements i Matched 
organizations required little effort because they provided ah 
external ordered structure directing subjects to process the task 
relevant information efficiently. The amount of cognitive 
effort depended on the match between text organization and task 
requirements. 

Both cognitive effort and depth of processing were hypo- 
thesized to affect recall. A depth of processing interpre- 
tation predicts better recall with deeper task instructions j 
the f luency-of-expressioh task would yield the least amount 
recalled and the category-relatedness . task would result in the 
greatest amount recalled. A cognitive effort interpretation 
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predicts enhanced recall with difficult idea Unit organizations: 
scrambled organization should result in a greater amount recalled 
than matched-to-task organizations, 

Metamembry Estimation: Depth of Processing ve^sui— Oogni^ivg^^ffort 

The primary question the current study addressed was 
how depth of processing and cognitive effort affect metamemory 
estimations of recall and their relative error. Although 
past investigations have sho^vn adults to be accurate in esti- 
mating their performance (Yussen & Paquette, ±978; Wellmahi 

1977)7~little~research--ha 

influence their estimation accuracy. Many cognitive variables 
have been identified in information processing, but few have 
been explored within the context of metamemory. Yet metamemdries 
are themselves cognitive processes. The present research re- 
presents a first approximation directed at uncovering relevant 
theoretical mechanisms in metamemory processing. Specifically, 
degree of cognitive effort ar.l depth af processing were expected 
to influence metamemory-based ej*rbii?).aticns as well as actual recall. 
Since both variables have an eiv^ec: on mc*mory performance, do 
they affect metamemory perf or!i.^:n:i^^ as well? Would this effect 
be identical or divergent from assessad reosll? 

A depth of processing rnaih sffeet. was expected in recall, 
such that deeper, c ate gory- re late dhess processing would en- 
hance recall over shallower p fluency-based processing. Meta- 
memory would be considered sensitive to depth of processing 
if estimations of recall duplicated the recall results. If a 
depth effect was present in recall and recall estimations indexed 
no differences due to depth, then metamemory would be considered 
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insensitive to depth i Conversely, if differences iii depth of 
processing were absent in recall, yet present in estimations, 
then metamemory ihonitoring would be in errori If such were 
the ease^ subjects would have believed erroneously that depth 
of processing contributed to recall, when in fact it did noti 

This type of metamemory insensitivity is qualitatively distinct 
_ • _ _ _ ______ »'._.__ 

from the case where recall differences are present, but differ- 
ences in estimates are not. Finally, these two types of erron- 
eous metamemory can be distinguished from a third case, wherein 
both recall and estimation- differences are' present, but with 
qualitatively different patternfJ. For example, a category- 
relatedness task might produce the greatest recall, but a con- 
creteness task might produce the largest estimations. 

In the same v'O.y, differences in effort organizations could 
emerge in recall, but hot in estimations of recall a Then, 
metamemory would be considered insensitive to vajriations in 
cognitive effort. The same types of divergences between recall 
and e'stimations described for depth of processing apply to 
the cogniti-^e effort manipulation, as well as the idea unit 
1 e ve 1 manipu j. at io v\ • 

Different patterns emerging from memory and metamemory 
imply qualitatively distinct processing. Subjects would not 
be just inseroi'cx v-e their owo recall, but their beliefs 
about their tneiacciy -pjcoc 'S^es would be in error as well. If 
a particular x atter): '^^.j-o cres-T-nt in recall es- ^'imates (for 
example, an ihteraetien be t. een effort and depth), but absent 
in recall, subjects apo virentljr would be in error in believing 
that one variable (depth of processing) influenced another 
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(cognitive effort). 

Metamemory error refers to how far estimatibris of recall 
are from actual assessed recall* Over- or underestimates of ' 
recall indicate differential error in the monitoring process. 
What causes subjects to inaccurately monitor their memory? 
They may over- or underemphasize the cognitive effort expended 
while processing the passage, they may assume that one level 
of processing was deeper or shallower than it actually was, 
or they may inaccurately assess the degree of their. c->c:3^5-tive 
effort when processing at a particular.' de;^thi In S; ;>-ari- 
ety of ways exist in which subjects may err in memoi r.oring 
Differential error of estimations allowed a clearer .ssment 
of the informational basis used for metamemory estimations 
and how these estirations interacted with acjtual memory proces- 
sing mechanisms. 

METHOD 

The purpose of the present study was to compare memory 
and metamemory processes in the context of prose materials* 
Two theoretical variables, depth of processing and cognitive 
effort, were operationally defined and mahipulatedi Depth 
of processing was introduced through fluency, concreteness , 
or category-relatedness task instructions. Cognitive effort 
was manipulated through matched-to-task (easy), scrambled 
(difficult), and narrative organizations. Separate groups of 
subjects read three passages and ranked each set of sentences 
in a passage into three ^oups: low, medium, or high, fluency, 
concreteness, or category-relatedness. Half of the subjects 
estimated the amount they would remember before they recalled 



the passages* The remaining subjects first recalled 'the infor- 
mation and then estimated how much they believed they recalled. 
Materials 

Three articles ( "Windpower , " "TV," and "Genetic Research") 
were adapted from Tim.e (I98O) • Each passage consisted of 
30 idea units constructed by the experimenter so that each 
sentence could stand alone without pronouns or anaphoric re- 
ferences to other idea units. The units were written in the 
original narrative order, one idea unit per line, and numbered 
1-30. 

Prior to the main experiment^ the investigator randomly 
scrambled the 30 sentence idea units within each passage. 
These three scrambled passages were given to an independent 
group of 102 raters drawn from a pool of General Psychology 
students attending Kent State University in fall semester t 
I98D* Three separate groups of 3^ subjects each sorted the units 
into three idea unit levels of either fluency, cdncreteness, 
or category-relatedness. All groups were given all three 
passages. The mean rank across subjects for each sentence 
idea unit within each passage and task instruction depth was 
calculated. The idea units in each passage then were ordered 
from high to low in terms of their mean ranking for each 
instructional condition. This procedure resulted in three • 
unique^ orderings per passage: from most to least fluent, from 
most to least concrete, and from most to least category-re- 
lated. 

These three orderings served as input materials for the 
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main experiment's matC5hed (easy effort) condition. Each order- 
ing was matched to its particular tasfe instruction depth. 
Scrambled ( difficult) order was the same in both preliminary 
and main experiments and was determined randomly. Narrative 
order was derived from the original passages as constructed 
by the previously discussed experimental criteria. Spearman 
Rank Order correlations among orders were computed to deter- 
mine similarity of organizations. The orders were unrelated 
with an average intercorreiation of .00^ and with a range of 
.185 to -.213. 

Experimehtai- bo^jclets and instructions i Two experimental 
booklets were prepared, one for the instructional ranking task 
and one for the recall and recall estimation tasks i 

In the first booklet, a practice passage appeared on the 
first two pages after the cover sheet, followed by task-spe- 
cific instructions. The final six pages consisted of the 
three experimental passages arranged according to one of the 
three experimental organizations (scrambled, matched-to-task, 
or narrative) • Passage order was counterbalanced in each con- 
dition. 

Task instructions were incidental, only explaining the 
orientation of the task and the idea unit ranking procedure ^ 
Fluency instructions indicated that idea units raihged in fluency 
of expression for reading and speaki.ng. Fluency was said to 
refer to the flow of sentences. Cbncreteness instructions 
stated that idea units ranged in terms of how easy they 
were to connect to the real world. Concreteness instructions 
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referred to how easy the idea units were visualized or ebhcep- 
tualized. Category-relatedness instructions e2£piained ha^r 
' some idea units were more related than others to a particular 
topic i Subjects in the category instruction condition read 
passages headed by their respective topic categories ("Wind- 
power," "TV," "Genetic Research"). An example was given of 
the task criterion for each instruction set. 

The second experimental booklet had two alternate forms: 
(a) a prediction estimation page followed by three blank pages 
for recalling the three experimental passages, or (b) three 
blank pages for recall followed by a postdiction estimation 
page. For the prediction estimation condition, instructions 
directed subjects to predict the number of idea units they 
believed they could recall from each of their own rank levels 
(low, medium, high) for each passage ranked (first, second, 
third) . This page was followed by three blank pages in which 
subjects were requested to write down what they could remember 
in any order (that is, not necessarily by idea unit level), 
for the first, second,, and third experimental passages, con- 
secutively. 

In order to investigate effects of prior recall on es- 
timation, additional groups of subjects received the recall 
and estiraation tasks in reverse order. In this condition, 
a postdiction task was administered c Postdiction instructions 
required subjects to estimate how many idea units per level 
they believed they actually did recall. Both estimation and 
recall instructions asked subjects to estimate and recall 
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idea units in terms of their own words. ; 
Procedure 

Subjects were run in separate groups by task instructional 
conditions. The experimenter passed out the first booklet and 
read the instructions to the subjects. Subjects were orientejl 
to the nature of the task ( fluency , concreteness , or category- 
relatedness) and then were told to read through the set of sen- 
tence idea units for the practice passage. The idea unit ranking 
procedure was explained. First, subjects chose a third of those 
idea units at a specified level (least fluent, least concrete, 
or least category-related) and drew a line through them* Then 
the procedure was repeated for the next level (in which a circle 
was drawn around 10 idea units intermediate in fluency, concrete- 
ness, or category-relatedness) , leaving the remaining 10 idea 
units untouched (that is, the 10 most fluent, concrete, or 
category-related) . This procedure was repeated for the three 
experimental passages. 

After the ranking task, the passage booklets were collected. 
Then the recall estimation booklets were passed out. For pre- 
diction estimation^ subjects were asked to predict their recall 
for each rank level within each passage for all three passages. 
Then they recalled each of the passages in order of presentation. 
Instructions for postdiction asked subjects to first recall 
the passages and then to estimate the number of units from 
each rank level for each passage they believed they actually 
had recalled in gist. 
Subjects 
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Subjects in the main experiment were drawn from a pool 
of General Psyehoio^ students attending Kent State University 
in the spring semester of 1981. Sutaects served in the ex- 
periment as partial fuifiiiment of a course requirement. 

Nine groups of £5 siibjects each received^" a particular organiza- 

ip -_ _ 

tion by task instruction condition in the prediction estimation 

group. Nine comparable /groups of 25 subje^s also were tested 
in the postcliotion condition. The total number of subjects 
participating Ixi the main body of the experiment was ^50. 
Scoring and Amxlyses 

Recalls were scored by the investigator who was blind 
to the particular ex^Derimental condition of each subject. 
Because the recall task was incidental, protocols were scored 
by lenient criteria. If the mag or theme of an idea unit was 
present in the protocol, regjjrdless of verbatim accuracy or 
detail, it was considered as recalled. Recall of idea units 
was expressed as proportion of units recalled as a function 
of each subject's own ranked idea unit level. To assess scor- 
ing agreement, an independent rater scored 144 passage recalls. 
Across idea unit levels, 91% of the raters* judgments were either 
in total agreement or one idea unit away. 

Results were analyzed in a 3x3x2x3x3 mixed analysis 
of variance with three levels of task instructions (fluency, 
eoncretehess, category-relatedness) , three levels of text 
organization (matched, scrambled, narrative), two levels of 
recall estimation (prediction, postdiction) , three levels of 
idea units (high, medium, low), and three. levels of passages 
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("Windpower/' "TV," and "Genetic Research" ) i Task, organiza- 
tional effort-, and prediction/postdictioh testing were be- 
tween-subjects' factors. Passage topic and rank^^^i 
idea units were within-subgeets ' factors i 

Three dependent variables were analyzed: (a) the prin- 
cipal memory measure was proportion recalled as a function of 
idea unit level; (b) the principal metamemory measure was 
proportion estimated recall as a function of idea unit level; 
and (c) a derived error measure was estimated minus actual 
recall. All post hoc comparisons were conducted using Newman- 
Keuis. All effects reported as significant are with £ < .05 
unless indicated otherwise. 

RESULTS AND DISCUSSION 

Recall 

Both concrete and category-relatedness instructions, although 
not differing themselves, produced sighif icahtiy better recall 
than did fluency instructions, F (2, ^'3^) = 3i.42i, = 
.071, as shown in Tabie 1. The means for scrambled and 

Insert Table 1 about here 

matched organizations were not significantly different. Task 
instructions and organization did not interact, F (4, ^32) < 
1, MSg = .071. Previous findings that recall of isolated 
word lists was enhanced by deeper levels of task processing 
(Craik & Lockhart, 1972; Craik & Tulving, 1975) also apply 
to prose texts.' However, greater effort did not enhance 
recall, as had been found in past research with words (Tyler 
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et al., 1979). Difficult scrambled organizations were equiva-^ 
lent to easy matched organizations. . Only narrative organiza- 
tions improved recall. The difference between prediction/post- 
diction testing was not reliable, F (1, il'32)<l, MS^ =.0?!. 
So, metamemory estimations did not influence amount recalled i 

For idea unit level, high level units (most fluent, concrete, 
or category-related) were recalled better (.203) than medium 
level units (.171)f and low level units produced the worst 
recall (.121), F (2, 86^) = 146.838, MS^ = .Q±6. However, 
thif5 main effect was qualified by several higher-order inter- 
actions • The idea unit level pattern differed depending on 
task iris ti'uct ions, £ (4, 864) = 17. 0??, MS^ = .016, as shown 
in Figure i. Both concreteness and fluency instructions showed 
linear decreases in amount recalled, but the slope was steeper 
under concreteness instructions. Category-relatedness instruc- 
tions showed equivalent recall for high level and medium level 
units, both producing greater recall than low level units. 

Insert Figure 1 about here 

There were significant differences among passages in the 
amount "recalled, F (2, 864) = 26il53f MS^ = .023, and passages 
interacted with task instructions, F (4, 864) = 3.600, MS^ = 
,023, and idea unit level, F (4, 1728) = 9.991, MS- = .013- 
However, both two-way interactions entered into a triple in- 
teraction of task, idea unit level, and passage topic, F 
(8, 1728) = 9.650, MS^ = .013. The patterns of results across 
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idea uriit levels were replicated in all three passages for 
concreteness and fluency ihstructiohs • However i category- 
re latedness instructions produced variable, results :::acrpss^ ^^^^^ : 

sages, eategory-relatedriess showed greater sensitivity to 
passage topic than either concreteness or fluency instructions. 
Concreteness and fluency instructions replicated a linear idea 
unit ordering over passages, Category-relatedness instructions! 
however, lacked this stability and were more dependent on the 
content of the passages. 

It was expected that category-relatedness instructions 
would result in better structured recall. Intuitively, they 
were presumed to induce the deepest semantic level processing* 
Relating idea units to category meanings seemed deeper than 
to concreteness in the real worldo Recall was not better 
structured under category-relatedness instructions, however. 
These instructions were related to processing content of the 
passages, and recall reflected sensitivity to differences in 
that content. 
Estimations 

Concreteness instructions did not differ from category- 
relatedness instructions, both producing reliably greater 
estimations than the fluency task, E (2, ^^32) = 5.786, MS^ = 
.192, as shown in Table 2. The effect of text organization 
reflected a similar pattern for estimates as for recall (nar- 
rative > scrambled = easy), but this effect was not statistically 
significant, P (2, ^^32) = 2,928, ]d = .053, MS^ - ,192. 

3Si 
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insert Table 2 about here 

Predictioh/postdiction interactions, absent in recall j 
were present in estimations. Prediction/postdiction interacted 
with task instruction, F (£, 432) = 3.071, MS^ = =192. As 
shown in Table 2, coneretehess instructions resulted in higher 
recall estimations for postdietions than predictions, whereas 
fluency and categbry-relatedness instructions resulted in 
slightly lower postdictive estimations. Subjects processing 
text according to its concreteness and who had already recalled 
the passages tended to estimate their recalls as producing 
more idea units than those who had not had .the opportunity 
to recall text. 

Subjects* recall estimates were highly sensitive to idea 
Unit level, F (2, 86^1-) = 57.^60, MS- = .029; all ordered pair- 
wise comparisons between levels (hi^h = .279, Medium = .231, 
and Low = .211) were significantly different. This pattern 
was the same as the one obtained in actual recall. The main 
effect of idea unit level was qualified, however, by an inter- 
action with prediction/postdiction estimation, F (2, 864) = 
5.070, MS- = .029, as depicted in Figure 2. Postdietions 
showed a linear ordering of estimations as a function of idea 
unit level. However, in prediction testing, only hi^ level 

Insert Figure 2 about here 
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. idea units were different iated clearly i Medium and low levels 
did hot differ. Recalling passages prior to estimation produced 
the same idea unit orderings to those of actual recall* When 
passage information was recalled, further memory feedback 
corrected divergent idea unit level estimations • A task instruc- 
tion by idea unit level interaction, present in recall^ was 
not significant in estimations, F 86^) = 2.02?, £< .09f 

MS_ = .029. The linear patterns was present in all tasks, 
e 

In contrast to recall results, there were no significant 
effects involving passage topic. All, the significant effects 
in recall estimation were replicated across passages and none 
were compromised by an interaction with passages i 

In summary, reliable effects in metamemory estimates 
were produced as a function of instruction, idea unit level, 
and interactions of prediction/postdietion tests with task and 
with idea unit level i The effects of text organization, passage 
topic, and interactions with passages were absent. 
Relative Error (P-A) 

Main effects of between-subjects * variables of prediction/ 
postdiction estimations, task instruction, and text organiza- 
tion were absent in this analysis, indicating subjects' esti- 
mations were equally accurate for these variables. A passage 
topic main effect was present E (2, 85^1-) = 9.871, MS^ = .0^0, 
and passage interacted with organization, F 86^) = 2.^23, 

MS^ = .0^0, and idea unit level, P (^, 1728) = 6.7^7, MS^ = 
i02ei A triple interaction between passage, task instruction, 
and idea unit level was also present, F (8, 1728) = 6.599f MS^ = 
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.020. 

More importantly, for idea unit levels ^ medium level 

idea units were the most accurately assessed, followed by high 

level units and then low level units, F_ (2, 86ij-) = 7.86I, 

MS = .04-0. However, this main effect was qualified by the 
e 

interaction with prediction/postdiction testing,' P (2, 86if) 
= 3^573, MSg = .Oi|-0 (see Figure 3). Postdietion estimates 
produced relatively equivalent accuracy across idea unit level, 

Insert Pigure 3 about here 

but prediction estimates were relatively less accurate for high 
and low level idea units and more accurate for medium level ide 
units. Idea unit levels also interacted with task instruc- 
tion, P 864) = 5.116, MSg = .040. The shallow fluency task 
produced no differences in accuracy by idea unit level, but 
the concreteness and c ate gory-re la^tedness tasks did. Concrete- 
ness instructions showed greater over-estimation of low level 
idea unit, but category-relatedness instructions resulted in 
greatest dverestimation of both highest and lowest level units. 
Deeper tasks produced differences in error for idea unit struc- 
ture . 

Subjects tended to overestimate their recall in all 
experimental conditior.a. Perhaps, the greater number of 
passages read, the greater the overestimationi Another reason 
for overestimation could have been that recall instructions 
were lenient. Stringent instructions might have resulted 
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in underestimations of recall. In the present experiment recall 
instructions were lenient i so subjects may have responded by 
overestimating their recall. Finally ^ overestimation could 
have been due to internal scaling differences. Subjective 
mental scales of memory may differ from experimentally defined 
recall measures * 

CoTTrparisons of Recall and Estimation Measures 

The main effects of task instruction and idea unit level 
were reflected clearly in both memory and metamemory measures 
(refer to Table 3). These two factors were the most salient 
parts of the experimental instructions. Subjects were told 
explicitly to attend to the task orientation and to the sorting 
procedure (idea unit levels). Experimental instructions did 
not call attention to text organizationi Although organization 
affected recall, this pattern failed to reach significance 
in the metamemory measure* 



Insert Table 3 about here 

Memory itself was not affected by whether a prediction 
test was administered before recall. In contrast » metajnemory 
was sensitive to whether estimates were given predictively 
or postdictively. In the prediction condition! estimates 
produced in response to task instructions showed no differences e 
However, after recalling passages, subjects elevated their 
estimates when given concreteriess instructions. Feedback from 
recall in the concreteness condition raised estimates above 
those from category-relatedness instructions. Hence, the 
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pdstdictive estimation ordering more C):oc;ely duplicated the 
recall pattern. In addition, prediction/^postdietion estimations 
interacted with idea unit level, Wherea.3 predictive estimates 
failed to differentiate between medium and low level idea 
units p pcstdictive estimates did, and approximated the recall 
results mure) accurately. Senerallyi recalling passages affected 
metamemory processing for the two strongest variables, task 
instruction and idea unit level. In the present study, memory 
influenced metamemory processing j not the reverse. 

Differences in patterning between memory and met^emory 
processing were found in the task instruction by idea unit 
interaction (see Table 3). The primary difference was in the 
metamemory system's failure to pick up a fine-grained effect, 
although the pattern of means was similars The cause of this 
pattern difference was found in the task-idea unit-passage 
triple interaction. Examination of this pattern showed memory 
to be sensitive to the variable passage-specific memory effects 
of idea unit level in the eategory-relatedriess task. In 
contrast, metamemory was hot sensitive to passage content; 
the linear effect of idea unit level was present In all three 
passages. Both idea unit level and task were replica-^e;i across 

all three passages in metamemory, but not in the memory measure. 

_ _ 2 

To compare the relative strengths of effects, omega 

was computed for all relevant results in memory and metamemory 

o - _______ _ 

measures. Omega examines proportion of the total variance 
accounted for by each treatment effect (in this case total 
within-subject variance)* Hence, this statistic indexes the 
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the strength of effects obtained from H ratios (Hay s , W73) • 
In the context of metamemory processings omega^ was u£sid as 

an index of sensitivity to memory variables. Comparisons 

p 

of omega ' between recall and estimated recall are presented 
in parentheses in Table 3. 

Overall, the proportion of accounted for variance de- 
creases from memory to metamemory levels. In all cases, when 
a significant effect was present at the memory level * it was 
attenuated at the metamemory level. 

The relative magnitude of sign" icant recall effects, 
ordered from most to least, showed task instruction to be ^ 
the strongest variable, followed by idea unit level and text 
organization, respectively. In estimations, these same variabl 
were reduced in strength. Significant estimation effects of 
task instructions and idea unit level were hot as strong when 
compared t(> recall variables. However > task instruction 
and idea unit level, the strongest effects in recall ^ were 
also the strongest effects in estimations. The weaker text 
organi7.atioh recall effect was not reliable in estimations. 
Prediction/postdietiori interactions, present only in the 

estimation measure* showed relatively nonexistent effects, 

2 

as shown by omega . 

The general summary of results revealed differences in 
recall, and recall estimates, as a function of task instruc- 
tion, text organization, passage topic * idea unit levels and 
prediction/postdiction estimations. Estimation patterns did 
hot reflect those of recall in all cases. Obtained effects 
at a metamemory level weakly echoed those already present 
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in .memory. Stronger effi5ts in memory (as determined by omega^) 
were more likely to "be reflected in metamemory. When all meas- 
ures are compai-ed. it was possible to assess the relative 
patternings of each, clao'ifying the relationship of memory- 
metamemory connections. The description of these connections 
depicted a pattern of echoing from memory to metamemory levels. 
Metamemory traced similar patterns of main effects. But the 
echoing in metamemory was weaker, suggesting a second-order, 
more abstractive relation registered in metamemory. 

GENERAL DISCUSSION 

Memory Processes 

Task orientation. Idea unit level, text organization, 
and passage topic produced reliable differences in recall. 
Depth of processing, an effect commonly found with words (Craik 
& Tulving, 1975), has been extended to sentence idea units 
in text. Similar to Sehallerfs (1976) work with task instruc- 
tions, processing to deeper levels of analysis enhanced per- 
formance. Unexpectedly, concreteness instructions either e- 
qualled or exceeded c at egory-r elatedness instructions. To 
relate subordinate idea units to a category heading seemed 
"deeper" than to relate them to their concreteness in the 
real Tworld. Concreteness instructions did not seem to neces- 
sitate semantic operations, since subjects need only visualize 
the sentences. Category-relatedness instructions, in contrast, 
were believed to require subjects to make use of internal 
semantic representations. However, concreteness instructions 
appeared to induce a relationship to an even deeper, more 
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elaborate, schematic base — the real world, which is more in- 
clusive than any particular category subset of that world. 
Both instructional sets could be interpreted as relational 
to semantic representations, whereas fluency instructions lacked 
this semantic component i The fluency orientation directed pro- 
cessing towards the surface representation of the sentences-- 
their choppiness and flow, rather than towards the sentences' 
underlying ideas. 

In Contrast to Tyler et al.fe (1979) results, cognitive 
effort failed to ^have an effect: Difficult scrambled and easy 
matched organizations produced equivalently low recall. Only 
original narrative organization enhanced recall * It is possible 
that matched and scrambled organizations did not cause different 
levels of cognitive effort* In Tyler et al.'s experiment, 
an independent index of effort was used to assess amount of 
central processing capacity. Imager latencies of tone detection 

, (the secondary measure) were assumed to reflect greater uti- 
lization of the central processor, and hence, greater effort. 
Because of the size of the subject sample in the present ex- 
periment, such a secondary measure was not feasible i It is 
uncertain then, whether scrambled passages indeed induced 
greater effort in processing compared to matched passages. 

■Further, narrative order could have conceivably produced the 
greatest effort. It is recommended that future research monitor 
processing capacity with secondary measures ^ 

Higher idea units were recalled better regardless of 
sorting on* The ordering of idea unit levels was stable 
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across passages for eoheretefiess and fluency instructions, 
but tended to vary across passages for category-relate Jness 
instructions. It is interesting to note that idea unit level 
work has ;::en researched only as a function of a thematic 
importance tasks (johnsoa-i^ 1970; Brown & Smiley, 1977; Brown, 
1977) t itself analogous to the category-relatedness task used 
in the present study. These results showed idea units ranked 
as most important to the main theme of the narrative are recalled 
better than units ranked as less important. In the present 
experiment, other task directives (fluency, cohereteness , and 
category-relatedness) produced similar mean recall orderings 
of idea unit levels as those obtained in thematic importance. 
Hence, the linear effect of idea unit level occurs across 
a variety of tasks, not solely for a thematic importance task. 
This result suggests that thematic Importance rankings reflect 
a deeper level of ':ask orientation. 

Further, narrative organization produced greater recall 
independent of the task instruction criterion by which Idea 
units were sorted. If the idea unit effect were dependent on 
narrative structure alone, then when this structure was altered 
through scrambled or matched organizations, the idea unit 
effect should have been eliminated, piroducing a flat function. 
This did not occur. The Idea unit effect was present in all 
text organizations, but as defined by task, not narrative 
structure. Such a result runs counter to previous interpre- 
tations of thematic importance as inJPierently reflecting the 
narrative structure of passages. iii contrast, the present 
results stron,^ly f^nr^f^st that the monotonie ordering of idea 
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units i froTH most important to leasts is a result of general- 
task-oriented processing? and not due to narrative structure* 
When underlying narrative structure was disrupted "by changes 
in text oj^gahizatioh, the idea unit effect still remained, al- 
though the total amount of reckll decreased, 

The rankings of idea units according to task criteria 
also showed. that idea units were processed primarily according 
to task, not according to organizational structure. If idea 
unit rankings were dependent on different organizations, then 
idea unit rankings would "be uncorrelated. Suhgects would have 
rank the same idea units differently when presented in differ- 
ent organizations. However, correlations "between rankings 
obtained with differing organizations were relatively high. 
Average correlations ranged from .7^ between easy and scrambled, 
.76 between easy and narrative, to .79 between scrambled and 
narrative organizations. Hence if a particular unit was ranked 
high in narrative organizations ^ it also tended to be ranked 
high for other organizations. In contrast, idea unit rankings 
were uncorrelated across different task instructions. Idea un- 
its ranked high in one task were not necessarily ranked high 
in other tasks. The correlation of fluency ranks with concrete 
ness ranks was -.03, fluency with category-relatedness was 
-.3'", and concreteness ranks with category-relatedness was 
-.IJ. High -ranked idea units that were recalled well in a flu- 
ency task were different from high-raided idea units that were 
recalled well in category-relatedness or concreteness tasks. 
Idea unit recall clearly was dependent on task, not organization 
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Ail these results point to an interpretation of the iiheaa? 
idea unit effect as one based on task-dependent processings 
Although narrative suructure enhances recall overall, it does 
not determine the shape of the recall function (in terms of 
idea unit level) i 
M etamemory Processe s 

Task instruction depth and idea UuAt; level were reflected 
clearly in metamemory, in recall, l^hat estimations regis- 
tered differences in these two variables extends depth of 
processing and idea unit level to 3:ilient cognitive variables 
for metamemory. Since idea unit level scaled estimations with- 
in each task depth, from least to most fluent, concrete, or 
category-related, idea unit level results also showed a moni- 
-♦"^ring of task orientation in general* In contrast, text organ- 

.tion and passage topic were not monitored reliably in mexamem- 
jry, although they did 3,nieed affect recall. Similarly, esti- 
mations v/ere not sensit±i-e to higher-order recall interactions 
among these variables. Metamemory-based estimations tended 
to match actual task-directed recall more closely when subjects 
estimated directly after recalling the passages than before. 

Omega (Table 3) depicted estimation effects as dimin- 
ished in strength, compared to recall. The description of 
metamemory processing lies, not within any particular memory 
effect, but within the relative changes in manipulations of 
memory processes. When metamemory reflects the same relative 
patterning in memory, it is considered sensitive. In contrast, 
metaiaamory is insensitive when it fails to reflect the differences 
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shown in memory, eithei by showing no reliable pattern or by 
showing a divergent pattern from the one obtained in memoryi 
By examining the overall picture of memory-metamemory compar- 
isons, i : becomes possible to assess the informational basis 
behind metamemory estimates i The ptresent results suggest, 
ah "echoing" in metamemory occurring reliably to the strongest 
recall patterns of task instruction and idea unit level, Fre- 
diction/postdiction estimations interacted with these two strong- 
est recall variables in such a way that pbstdictions more clearly 
reflected obtained memory results than did predictions c Ol"^- 
ganization and passage topic traced similar patterns of re- 
sults in metamemory as in recall, but failed to reach sJ-i-ni- 
fir-ance. Hence, the weaker recall variables of organisation, 
piassage, and higher-order interactions were less likely to be 
monitored reliably in estimations, Rather than showing ir^- 
sensitivity due to distortion in estimations, metamemory reflect- 
■ ed ihsensitivity due to lack of monitoring of weaker recall 
variables. The echo effect depicted only the strongest memory 
variables as being monitored reliably in metamemory. The 
greater the strength " in obtained recall patterns, the great'rr 
the liklihood it was accessed in metamemory. In all cases, 
however ^ the strengtlB of the obtained metamemory effects were 
diminished compared to those of memory. 

Three possible reasons could account for this echoing. 
First, metamemory might echo only salient memory effects, 
where "salience" is derived from its strength in memory, as 
manipulated experimentally. Whether this strength is due to 
greater attention, a greater number of experimentally- induced 
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associations, or greater activity in memory processing is not 
important for this particular explanation. Rather, if certain 
memory effects are particularly salient in any specified ex~ 
periment, tholr strength (as measured by omega ) is enhanced. 
The outcome of memory salience is what is monitored in metamemory. 
Greater salience allows the memory effects to "be monitored 
in metamemory. Hence, the greater the salience in memory pat- 
terns, the greater the iikiihood it is monitored reliably in 
metamemory^ This expiration implies that if any cognitive 

variable's salience is strengthened or diminished, as measured 
2 

by omega , then concomitant monitoring differences would be 
seen in metamemory. If text organization, for example, were 
manipulated to have greater memory salience, then significant 
effects would be obtarned in metamemory measures for texti 

A second possibility explains metamemory as differentially 
sensitive to taslc demand information. Task demands tap into 
subjec-.s' control procc^ssing, orienting them towards specific 
strategies o Both depth of processing and idea unit level con- 
stitute task demands, promoting active processing of text. 
Both require subjects to think about the text in specific ways. 
In contrast, organizabicn and passage content do not require 
subjects to actively process text* Although both are concerned 
with defining the memory representation, neither indicates 
which aspect of text information is important for the memory 
representation. Hence, metamemory, being only sensitive to 
task demand activity, did not monitor organization or content. 
If organization or content had entered into task demands, 
thon such information would have been monitored. For example, 
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if subjects were instructed to reorder scrambled rassageSj 
or compare the different organizations or eonbeht of passages, 
then metamemory would have reflected these variables reliably. 
According to this interpretation, metamemory locks into task 
demands and stores them for future use. Estimations can only 
tap into the task demands. If metamemory, in the form of 
estimations, echoes task-oriented processing alone, then esti- 
mations provde another index of depiih, since depth of proces- 
sing itself is a task orientation. Hence, the criticism of 
circular explanations of depth (Baddoley, 1976) could be partial 
ly circumvented by appealing to a metamemory index. 

A third explanation a-s to how memory and metamemory might 
operate posits a single representation in memory which is ac- 
cessed through different rstrJer/al measures. Alternative res- 
ponse decisions tap into tL, r :r;?:>red representation with varying 
degrees of specificity. Instead of metamemory fili.\g away 
a separate representation based on memory salience, or based 
on task demand activity, and instead of metamemory as being 
described as a distinct and separate system, it is viewed as 
another aspect of cognitive processing. One memory representa- 
tion is formed and different retrieval processes access this 
representation. Estimates of recall only retrieve the general 
characteristics of the memory representax: on. According to 
this interpretation, estimates of recall constitute a weaker 
test of the memory representation, just as a recall test is 
typically less sensitive than a recognition test in tapping 
memory = If the echo effect resulted from diminished sens Itivlty 
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of estimation measures, then other selected measures of meta- 
inemory would hot necessarily echo their concomitant memory 
measures. This view Would invoice explanations of how differ- 
ent retrieval processes activate a single memory representation. 

These three approaches can be reoohciled only through 
further research designed to uncover the processing mechanisms 
involved in memory monitoring. The approach illustrai .rd here 
represents a general paradigm in which to test various theoret- 
ical implications of metamemory. In this paradigm, memory and 
metamemory processes were compared "by manipulating existing 
cognitive theories. Levels of processing and cognitive effort 
were selected as examples of theories relevant to memory-meta- 
memory comparisons. In addition, idea unit level was manipulated 
since it was particularly appropriate to prose. Not only was 
the generalizeability of levels of processing and idea unit 
l.- 3xtended to Include the metamemory system} "but in turn, 
ail manipulated variables pointed to a descriptive account 
of memory and metamemory processing referred to as the "echo 
effect." Further research should uncover the stability of 
this effect, as well as its underlying causes. 
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Table 1 

Mean Proportion Recalled as a Function of 
fssk S3tri.ict:o]i and Text Organization 



Task Instruction 



.106 



Narrative ,143 



Text 

Organization Fluency Concreteness 



Category- 
Relatedness 



^"""^^ M .186 • .153 



'231 .213 .196 



'^18 .190 ,188 
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TaMe 2 ' ' 
Mm Propbirtidn Estimated Recall as a Function of 
Task, Organization, and Predictibn/pbstdictibn Testing 



Task Instruction 



Text . ■ 
Organization 


Fluency 




Concrettaness 


Category.: 
. Relatedness 


Matched 


.190 




M 


.''^^■■■^;,.;::.2W'^ 


Scranililed 


.195 




.260 


■•■■;;:;23|;§^^^^^^ 


Narrative 


.237 


* 


.27? 





-;227PK 

:.^:i'230:#l 



Mean 



.208 



.261 



Prediction 
Postdietioh 



.2i8: 
.197 





Table 3 
Summary Ta*ble of 
^ Comparisons and Omega for 
Recall and Estimation Measures 



Effect 



Recall 



Red ail Est imat ion 



Task : 

Id ea Units 



Cdn^Cat>Flu (Hi 5)* 



Na2?>Scr=Mat 



Task X idea Ua3A s Cat: Iii=Ii^L^ (1.^)* 

Flu: L^>L2>L^ 
Pre/gQSt X Task; Atserit 



Pre/post X lU; Absent 



(0) 
(0) 



Con=dat>Flu 



(6i8)* 

Absent 



Cats L^>ii2'^^3 



(2.1)* 

(.8) 
(.1) 

Con: ii^ ''^3 

Flu: ^^^^^^ 

Pre : Cat=Cbn=Flu ( . 9 ) * 

Post : Con> Cat-Flu 

Pre: ^2=^3 (-1)* 

Post :Lj> 1'2>I'3 



Con = concreteness 

Cat = category-re latedness 

Flu = fluency 

Nar = narrative 

Scr = scrambled 

Mat =* matched _ ' - - _ ^ . 

L = levels (L,=High; £0= Medium^; LorBr^Low) 
Pre/post = pffediction/postdiction-^ 
lU = idea unit 



*Ef feet was significaiit at p < • 05 • 
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Figure 1. I^oportion recalled as a func^ task 
instruct ion and idea unit level 
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Figure 2. Prbportioh estimated recall as a funetibri of 
pi?e/pbst estimations and idea 'Unit level 
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Figure 3i Signed adeuraey as a fundi ion of pre/post 
estimation and idea unit level 





